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ඛ⾜ᐇ᪋ࡉࢀ࡚࠾ࡾ㸪ࡇࡢ3᭶㸦2015ᖺ㸧࡟᭱ึࡢ༞
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Creative Teaching Materials, Method and the Development of the Curriculum  
- From six years of a junior and senior high school to the university - 
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ࡿࠋࡇࢀࡽࡢάືࡀ㸪࡜࠿ࡃ୰Ꮫཷ㦂ࢆ⤒㦂ࡋࡓᏊ࡝
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୍᪉࡛ᩍဨࡣ㸪ࡑࡢ㐣⛬࡛⏕ࡳฟࡉࢀࡿࠕ⏕ᚐ⮬㌟࡟
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ࡀࡽ㸪⏕ᚐ࡜࡜ࡶ࡟ᩍᮦࢆࡳࡀࡁ㸪ᩚ⌮ࡋ࡚ᙧ࡟ṧࡍ
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ࡲ࡜ࡵࡓᩍᮦࡣ㸪௨ୗࡢࡘ࡛࠶ࡿࠋᩍᮦ࡟ࡘࡅࡽࢀ
ࡓグྕ࡟ࡘ࠸࡚ࡶ㸪ᚋ࣮࣌ࢪ࡟ㄝ᫂ࡀ࠶ࡿࡢ࡛㸪ཧ↷
ࡉࢀࡓ࠸ࠋ
D ㏿⟬⾡
$ ࢜࢖࣮ࣛ㛵ᩘ࡟ࡘ࠸ ࡚
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' 㸱ḟ㛵ᩘࡢᛶ㉁
ᩍဨ◊ಟ఍ࡢᐇ᪋
㛤Ⓨࡋࡓᩍᮦ࣭࣒࢝ࣜ࢟ࣗࣛࢆᩘᏛ⛉ᩍဨ◊ಟ఍࡛
බ㛤ࡋ㸪඲ᅜ࡟ᗈࡵࡿ࡜࡜ࡶ࡟㸪ᮏᰯ࡟࠾ࡅࡿ௒ᚋࡢ
◊✲ࡢᣦ㔪ࢆᚓࡿࡇ࡜࡜ࡋ࡚࠸ࡿࠋ௒ᖺᗘࡣ8᭶࡟஺
ὶ఍ᨭ᥼࡟ࡼࡾᚨᓥ࡛㸪11᭶࡟ࡣᮏᰯᩍ⫱◊✲఍࡟࡚
බ㛤ᤵᴗࢆᐇ᪋ࡋࡓࠋࡇࢀࡽ࡟ࡘ࠸࡚ሗ࿌ࡍࡿࠋ 
㛤Ⓨࡋࡓᩍᮦ࣭࣒࢝ࣜ࢟ࣗࣛࡣᩍဨ◊ಟ఍࡞࡝࡛බ
㛤ࡋ㸪ཧຍ⪅࠿ࡽ௒ᚋࡢ◊✲ࡢᣦ㔪ࢆᚓ࡚࠸ࡿࠋ᭱㏆
ࡢ◊ಟ఍ࡢᵝᏊࢆሗ࿌ࡍࡿࠋ

ձ ඲ᅜ66+஺ὶ఍ᨭ᥼ᩍဨ◊ಟ 
ᩘᏛ⛉ᩍဨᚨᓥ◊ಟ఍
ᮏᰯᩘᏛ⛉ࡀ◊✲㛤Ⓨࡋࡓᩍᮦ➼ࢆⓎ⾲ࡋ◊✲༠㆟
ࡍࡿ࡜࡜ࡶ࡟㸪ᚨᓥ┴❧ᇛ༡㧗➼Ꮫᰯཬࡧ㤶ᕝ┴❧ほ
㡢ᑎ➨୍㧗➼Ꮫᰯ࡛ࡢྲྀࡾ⤌ࡳࢆఛ࠸㸪௒ᚋ࡟㈨ࡍࡿ
ࡇ࡜ࢆ┠ⓗ࡜ࡋࡓ◊ಟ఍࡛࠶ࡿࠋ
ڦᐇ᪋ᴫせ
᪥⛬㸸ᖹᡂ27ᖺ8᭶27᪥㸦ᮌ㸧 
఍ሙ㸸ᚨᓥ┴❧ᇛ༡㧗➼Ꮫ  ᰯ
ʄ◊✲ᤵᴗ 
࣭ࠕ⤯ᑐ್ࢆྵࡴ㛵ᩘࡢࢢࣛࣇ࡟ࡼࡿ㐠㈤ࡢ⾲⌧ ࠖ
   ᤵᴗ⪅㸸㡲⏣ Ꮫ㸦⟃Ἴ኱㥖ሙᩍㅍ㸧
   ⏕ᚐ㸸 ᇛ༡㧗ᰯᛂ⏝ᩘ⌮⛉㸰ᖺ⏕
࣭ࠕ2ḟ㛵ᩘࡢࢢࣛࣇ࡜ x㍈࡜ࡢ఩⨨㛵ಀ ࠖ
   ᤵᴗ⪅㸸㛗℩ៅ୍㑻㸦ᇛ༡㧗ᰯᩍㅍ㸧
   ⏕ᚐ㸸 ᇛ༡㧗ᰯᛂ⏝ᩘ⌮⛉㸯ᖺ⏕
 ◊✲ᤵᴗ࡟ࡘ࠸࡚ࡢ◊✲༠㆟

ڦ◊✲ሗ࿌
ᮏᰯཬࡧᇛ༡㧗ᰯ㸪㤶ᕝ┴❧ほ㡢ᑎ➨୍㧗ᰯ࡟ࡼࡿሗ
࿌㸪ពぢ஺᥮

ཧຍ⪅㸸ᇛ༡㧗ᰯࡢඛ⏕㸪ほ㡢ᑎ➨୍㧗ᰯࡢඛ⏕㸪ᚨ
ᓥ┴ෆࡢ㧗➼Ꮫᰯࡢඛ⏕㸪ᮏᰯᩍဨ ⣙ ྡ
㸦⟃Ἴ኱㥖ሙ࠿ࡽࡢⓎ⾲ෆᐜ㸧
࣭ᮏᰯᩘᏛ⛉66+ࡢྲྀࡾ⤌ࡳ   ୕஭⏣⿱ ᶞ
䠉 28 䠉
 ࣭」⣲ᩘ࡜」⣲ᩘᖹ㠃     ᭦⛉ඖᏊ 
࣭ᩳ஺ᗙᶆࡢ⸀ࡵ㹼࣋ࢡࢺࣝࡢά⏝ࢆ┠ᣦࡋ  ࡚
    㕥ᮌΎኵ 
࣭཮ᚰᅄゅᙧࡢ᥈ồ      㡲⸨㞝⏕ 
࣭኱Ꮫ࡛ࡢᏛࡧ࡟⧅ࡀࡿ⟃㥖ࡢ⤫ィᩍ⫱  
               ⏫⏣ከຍᚿ 
࣭⏕ᚐࡢㄢ㢟Ⓨぢ⬟ຊࢆ⫱ࡴᩍᮦ࡜ࡋ࡚ࡢ㺓㺐㺵㺎㛵  ᩘ
    ྜྷᓮ೺ኴ 
㸦◊✲ᤵᴗࡢㄢ㢟࠿ࡽ㸧 
ၥ㢟 
ᒸᒣ࠿ࡽ኱㜰㸪኱㜰࠿ࡽᮾிࡢ᪂ᖿ⥺࡛ࡢ⛣ື㊥㞳ࡀ
ࡑࢀࡒࢀ180㹩㹫㸪540㹩㹫࡜ࡍࡿࠋSSHᣦᐃᰯ࡛⏕
ᚐ◊✲Ⓨ⾲఍ࢆ㛤ࡃ࡜ࡁ㸪஺㏻㈝ࡢ⠇⣙࡜࢚ࢥࡢほⅬ
࠿ࡽ㸪ཧຍࡍࡿ⏕ᚐࡢ᪂ᖿ⥺࡛ࡢ⛣ື㊥㞳ࡀ᭱▷࡟࡞
ࡿࡼ࠺㛤ദࡍࡿ㒔ᕷࢆỴࡵࡿࠋཧຍࡍࡿ⏕ᚐࡀ㸪ᒸᒣ
3ྡ㸪኱㜰0ྡ㸪ᮾி1ྡࡢ࡜ࡁ㸪㛤ദࡍࡿ㒔ᕷࢆ࡝
ࡇ࡟ࡍࢀࡤࡼ࠸࠿ࠋࡓࡔࡋ㛤ദ㒔ᕷࡣ㸪᪂ᖿ⥺ࡢἢ⥺
ୖ࡛࠶ࢀࡤ㸪ᒸᒣ࣭኱㜰࣭ᮾி࡟㝈ࡽ࡞ࡃ࡚ࡶⰋ࠸࡜
ࡍࡿࠋ 
᳨࣭ド
 ⇃ᮏ◊ಟ఍㸦2012ᖺᗘ㸧㸪㤶ᕝ◊ಟ఍㸦2013ᖺᗘ㸧
໭ᾏ㐨◊ಟ఍㸦2014ᖺᗘ㸧࡟⥆ࡁ㸪௒ᅇࡶ◊✲ᤵᴗࢆ
ྵࡴᩍဨ◊ಟ఍࡜࡞ࡗࡓࠋ 
ᚨᓥ┴❧ᇛ༡㧗ᰯࡢ⏕ᚐ࡟༠ຊࡋ࡚ࡶࡽ࠸㸪ᮏᰯᩘ
Ꮫ⛉ࡢᩍᮦ࡟ྲྀࡾ⤌ࡴ◊✲ᤵᴗࢆ⾜ࡗࡓࠋᩍဨࡢሗ࿌࣭
ពぢ஺᥮࡟࡜࡝ࡲࡽࡎ㸪ලయⓗ࡞ᩍᮦ࡟ᑐࡍࡿ⏕ᚐࡢ
άືࢆ㸪ᮏᰯᩍဨ࡜ᇛ༡㧗ᰯࡢඛ⏕ࡢᤵᴗ࡛ẚ㍑ࡋ࡚
ぢࡿࡇ࡜࡛㸪ඛ⏕᪉ࡔࡅ࡛࡞ࡃཧຍ⏕ᚐ࠿ࡽࡶ㈗㔜࡞
ពぢࢆ࠸ࡓࡔࡃࡇ࡜ࡀ࡛ࡁࡓࠋࡲࡓ㸪᪂ࡋ࠸㛤Ⓨᩍᮦ
ࡶⓎ⾲ࡋࡓࠋ 
ࡲࡓ㸪ᅄᅜ࡛ࡢᩘᏛᩍ⫱ࡢᵝᏊࡸ㸪ྛᰯࡢᰯෆ࡟࠾
ࡅࡿྲྀࡾ⤌ࡳ࡟㛵ࡍࡿ᝟ሗ஺᥮ࡀ࡛ࡁ㸪኱ኚ᭷ព⩏࡞
఍࡛࠶ࡗࡓࠋࡇࡢࡼ࠺࡟ᆅ᪉࡟⾜ࡗ࡚㸪௚┴ࡢከࡃࡢ
ඛ⏕᪉࡜⌧ᆅ࡛஺ὶ࡛ࡁࡿࡇ࡜ࡣ㸪66+ ࡢྲྀࡾ⤌ࡳ࡞
ࡽ࡛ࡣࡢࡇ࡜࡛࠶ࡿࠋ఍ሙࢆ࠾㢪࠸ࡋࡓᚨᓥᇛ༡㧗ᰯ㸪
ࡈ༠ຊ࠸ࡓࡔ࠸ࡓほ㡢ᑎ➨୍㧗ᰯࡢඛ⏕᪉࡟῝ࡃឤㅰ
ࡋࡓ࠸ࠋ   
  

 
ղ ➨42ᅇᩍ⫱◊✲఍ 
2015ᖺ11᭶21᪥㸦ᅵ㸧ᮏᰯ࡟  ࡚
 ◊✲఍୺㢟ࠕࢢ࣮ࣟࣂࣝேᮦࡢ⫱ᡂࢆࡵࡊࡋ࡚  ࠖ        
 ◊✲ᤵᴗ 㸸  
୰Ꮫ3ᖺ ࠗ☜⋡ ࠘  ᤵᴗ⪅ 㡲⸨㞝⏕  
㧗ᰯ1ᖺ ࠗᩚᩘ ࠘  ᤵᴗ⪅ ྜྷᓮ೺ኴ 
ᩘᏛ⛉බ㛤ᤵᴗ࣭◊✲༠㆟఍ཧຍ⪅ᩘ㸸⣙㸯㸲㸮  ྡ
ᩍ⫱◊✲఍ࡣࠊཧຍ⪅࡟ᮏᰯࡢᤵᴗࢆᐇ㝿࡟ぢ࡚࠸ࡓ
ࡔࡃ㈗㔜࡞ᶵ఍࡛࠶ࡿࠋ௒ᖺᗘࡣ୰ 3㸪㧗 1ࡢᤵᴗࢆ
බ㛤ࡋࡍࡿ࡜࡜ࡶ࡟◊✲Ⓨ⾲ࢆ⾜࠸㸪◊✲༠㆟఍࡟࠾
࠸࡚࠸ࢁ࠸ࢁ࡞ࡈពぢࢆ࠸ࡓࡔ࠸ࡓࠋ௒ᚋࡢ◊✲άື
࡟⏕࠿ࡋ࡚࠸ࡁࡓ࠸ࠋ 

ᩘᏛ≉ูㅮᗙ
66+஦ᴗ࡜ࡋ࡚㸪㨩ຊ࠶ࡿෆᐜ࡟㛵ࡍࡿࠕᩘᏛ≉ูㅮ
ᗙ ࢆࠖ኱Ꮫࡢඛ⏕ࡸ༞ᴗ⏕࡟ᐇ᪋ࡋ࡚࠸ࡓࡔ࠸࡚࠸ࡿࠋ
䠉 29 䠉
 ࡇࡢㅮᗙࡢ┠ⓗࡣ㸪୰Ꮫ㧗ᰯࡢᤵᴗ࡛ᏛࡪᩘᏛࡀᑗ᮶
࡝ࡢࡼ࠺࡟Ⓨᒎࡍࡿࡢ࠿㸪࡝ࡢࡼ࠺࡟ά⏝ࡉࢀࡿࡢ࠿
➼ࢆ▱ࡿࡇ࡜ࢆ㏻ࡋ࡚㸪⏕ᚐࡢᩘᏛ࡬ࡢ⯆࿡࣭㛵ᚰࢆ
㧗ࡵࡿ࡜࡜ࡶ࡟㸪ᩘᏛ࡟ᑐࡍࡿ⌮ゎࢆ῝ࡵ㸪ᩘᏛࢆᏛ
ࡪព⩏ࢆឤࡌ࡚ࡶࡽ࠺ࡇ࡜࡛࠶ࡿࠋ࡞࠾㸪ࡇࢀࡽࡢෆ
ᐜࡶᤵᴗ࡛ά⏝࡛ࡁࡿᩍᮦ࡜ࡋ࡚◊✲ࡍࡿᚲせࡀ࠶ࡿ
࡜⪃࠼࡚࠸ࡿࠋ
 ᖺᗘ࡟ᐇ᪋ࡋࡓ≉ูㅮᗙࡢࢸ࣮࣐࡜᪥⛬࣭ㅮ
ᖌࡣ௨ୗࡢ㏻ࡾ࡛࠶ࡿࠋᅇᩘࡣᖺ๓࠿ࡽࡢ㏻⟬㸪ࢸ
࣮࣐࡜ෆᐜࡣ⏕ᚐ࡬ࡢເ㞟᱌ෆ࡟グ㍕ࡋࡓࡶࡢ࡛࠶ࡿ
ເ㞟᱌ෆࢆ㓄ᕸࡋ࡚ᕼᮃ⪅ࢆເࡾ㸪ᮇᮎ⪃ᰝᚋࡢ≉
ูᤵᴗᮇ㛫୰࡟ㅮ⩏ࡋ࡚㡬࠸ࡓࠋ
ۑ➨43ᅇᩘᏛ≉ูㅮᗙ  
ࠗࠕ୙ྍ⬟❧యࡢ୙᮲⌮ࡢୡ⏺  ࠖ
㹼ぢࡓࡶࡢࢆಙࡌ࡚ࡼ࠸ࡢ࡛ࡋࡻ࠺࠿㹼  ࠘
 ᪥ ᫬㸸ᖹᡂ27ᖺ12᭶9᪥㸦Ỉ㸧13:30㹼15:00 
 ሙ ᡤ㸸࣮࢜ࣉࣥࢫ࣮࣌ࢫ 
 ㅮ ᖌ㸸ᮡཎ ཌ  ྜྷẶ 
㸦᫂἞኱Ꮫඛ➃ᩘ⌮⛉Ꮫ࢖ࣥࢫࢸ࢕ࢳ࣮ࣗࢺᩍᤵ㸧 
 ෆ ᐜ㸸㸦ཧຍເ㞟᱌ෆࡼࡾ୍㒊ᢤ⢋㸧 
 ⓒ⪺ࡣ୍ぢ࡟ࡋ࠿ࡎ࡜࠸ࢃࢀࡲࡍࡀࠊぢࡓ࠿ࡽ
࡜࠸ࡗ࡚ᮏᙜࡢࡇ࡜ࡀ⌮ゎ࡛ࡁࡓ࡜Ᏻᚰࡍࡿࡢࡣ
༴㝤࡛ࡍࠋ࡞ࡐ࡞ࡽࠊᐇ㝿࡜ࡣ㐪࠺ࡼ࠺࡟ぢ࠼࡚
ࡋࡲ࠺┠ࡢ㘒ぬ࡜࠸࠺⌧㇟ࡀ࠶ࡿ࠿ࡽ࡛ࡍࠋࡇࡇ
࡛ࡣࠊ୙ྍ⬟❧యࢆ⣲ᮦ࡟౑ࡗ࡚ࠊᫎീ࠿ࡽዟ⾜
ࡁࡸ❧యࢆ▱ぬࡍࡿ㝿ࡢ㘒ぬࢆほᐹࡋࠊ࡞ࡐࡑࡢ
ࡼ࠺࡞㘒ぬࡀ㉳ࡇࡿࡢ࠿ࢆᩘ⌮ࣔࢹࣝࢆ౑ࡗ࡚⪃
࠼࡚࠸ࡁࡲࡍࠋ≉࡟ࠊ❧యࡢᮏᙜࡢᙧࢆ▱ࡗࡓᚋ
࡛ࡶ㘒ぬࡀ㉳ࡇࡾ⥆ࡅࡿ࡜࠸࠺⬻ࡢ୙᮲⌮࡞᣺ࡿ
⯙࠸࠿ࡽࠊᫎീᩥ໬ࡢ༴࠺ࡉ࡜῝้ࡉࡀࢃ࠿ࡗ࡚
࠸ࡓࡔࡅࡿ࡜ᛮ࠸ࡲࡍࠋࡲࡓࠊࡇࡢࡼ࠺࡞㘒ぬࡢ
◊✲࡟ᩘᏛࡀά㌍ࡍࡿጼࡶࡈ⤂௓ࡋࡓ࠸࡜ᛮ࠸ࡲ
ࡍࠋ 
 
 
ۑ➨44ᅇᩘᏛ≉ูㅮᗙ ࠗࠕ㧗ḟࠖࡢ⤫ィᏛ  ࠘
 ᪥ ᫬㸸ᖹᡂ27ᖺ12᭶11᪥㸦㔠㸧13:30㹼15:00 
 ሙ ᡤ㸸50࿘ᖺグᛕ఍㤋 
 ㅮ ᖌ㸸▮⏣ ࿴ၿ Ặ 
㸦⟃Ἴ኱Ꮫᩘ⌮≀㉁⣔ ຓᩍ㸧 
 ෆ ᐜ㸸㸦ཧຍເ㞟᱌ෆࡼࡾ୍㒊ᢤ⢋㸧 
᫖௒ࡢ⤫ィࣈ࣮࣒࡟కࡗ࡚㸪Ꮫၥ࡜ࡋ࡚ࡢ⤫ィᏛ
ࡀὀ┠ࢆᾎࡧ࡚࠾ࡾࡲࡍ㸬㧗ᰯ࡛ࡣᚲಟ໬ࡉࢀࡓ
ࡾ㸪ࠕ⤫ィᏛࡀ᭱ᙉࡢᏛၥ ࡜ࠖㅻࡗࡓ᭩⡠ࡀ኱ࣄࢵ
ࢺࡋࡓࡾࡋ࡚࠾ࡾࡲࡍ㸬⚾࡟ࡣ᭱ᙉ࡜ࡲ࡛ᙉࡃ᩿
ゝࡣ࡛ࡁࡲࡏࢇࡀ㸪ࡸࡣࡾ⤫ィᏛࡣᚲせ୙ྍḞ࡛
ᙉຊ࡞ࢶ࣮ࣝ࡜ゝ࠼ࡲࡍ㸬⤫ィᏛࡢ≉ᚩࡢ୍ࡘࡣ㸪
≀஦ࡢ⢭ᗘࢆᩘᏛⓗ࡟ಖド࡛ࡁࡿ࡜࠸࠺Ⅼ࡛ࡍ㸬
ࡍ࡞ࢃࡕ㸪⤫ィᏛࡢ⫼ᚋ࡟ࡣᩘᏛࡀ㞃ࢀ࡚࠸ࡲࡍ㸬 
ᮏㅮ₇࡛ࡣ㸪஧ࡘࡢ㧗ḟ࡞⤫ィゎᯒᡭἲ࡜ࡑࡢ⫼
ᚋ࡟࠶ࡿ㧗ᗘ࡞ᩘᏛࢆ⤂௓ࡋࡓ࠸࡜ᛮ࠸ࡲࡍ㸬 
  ࡲࡎ㧗ḟ₞㏆⌮ㄽ࡟╔┠ࡋ㸪ࡼࡾṇ☜࡞⢭ᗘ
ಖドࢆ୚࠼ࡿ㧗ḟࡢ㏆ఝゎࢆᑟฟࡍࡿ㸬ࡑࡢゎࢆ
⏝࠸࡚㸪་⸆ရࢹ࣮ࢱࡢ㧗⢭ᗘ࡞⤫ィゎᯒࡢ౛ࢆ
⤂௓ࡋࡓ࠸࡜ᛮ࠸ࡲࡍ㸬୍᪉㸪ࢤࣀ࣒⛉Ꮫ➼࡟ぢ
ࡽࢀࡿ㧗ḟඖࢹ࣮ࢱࡢ୍ࡘࡢ≉ᚩࡣ㸪ࢹ࣮ࢱࡀࡶ
ࡘḟඖᩘࡢ⭾኱ࡉ࡟࠶ࡾࡲࡍ(ᡤㅝࣅࢵࢢࢹ࣮ࢱ
࡛ࡍ㸧㸬㏻ᖖࡢ⤫ィゎᯒᡭἲ࡛ࡣ㧗ḟඖࢹ࣮ࢱࡢ᥎
 ࡟⢭ᗘࢆಖドࡍࡿࡇ࡜ࡀ࡛ࡁࡎ㸪㛫㐪ࡗࡓゎᯒ
⤖ᯝࢆᑟࡃࡇ࡜ࡉ࠼࠶ࡾࡲࡍ㸬ࡇࢀ࡟ᑐࡋ࡚㸪
(ᡃࠎࡢᥦ᱌ࡋࡓ㸧㧗ḟඖ࡞ࡽ࡛ࡣᗄఱᏛⓗ࡞ᵓ㐀
ࢆ฼⏝ࡋࡓ⤫ィゎᯒᡭἲࢆ⤂௓ࡋ㸪ࡑࡢᩘᏛⓗ࡞
⫼ᬒࢆ౛♧ࡋࡓ࠸࡜ᛮ࠸ࡲࡍ㸬 
 
Ꮫᖺࢆ㉺࠼ࡓᑡேᩘᏛ⩦ࡢ◊✲࡜ᐇ㊶
 ࢧ࢖࢚ࣥࢫࢥ࣑ࣗࢽࢣ࣮ࢩࣙࣥ⬟ຊࡢ⫱ᡂࢆ┠ᣦࡋ
࡚㸪㧗ᰯ2ᖺ⏕ࡢ⥲ྜᏛ⩦ࠕࢮ࣑ࢼ࣮ࣝࠖࢆ㸪⟃Ἴ኱
Ꮫ኱Ꮫ㝔⏕ࡀཧຍࡍࡿᙧ࡛ᐇ᪋ࡋ࡚࠸ࡿࠋࡇࢀࡣ⟃Ἴ
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 ኱Ꮫ኱Ꮫ㝔ᩘ⌮≀㉁⛉Ꮫ◊✲⛉(DC)ࡢㅮᗙࠕᩘᏛ࢖ࣥ
ࢱ࣮ࣥࢩࢵࣉ (ࠖ1༢఩)࡜㐃ືࡋࡓࡶࡢ࡛࠶ࡾ㸪㧗ᰯ㸱
ᖺ⏕ࡢㄢ㢟◊✲࡟ࡘ࡞ࡀࡿࠋ⏕ᚐࡣ◊✲ᡂᯝࢆ࣏࣮ࣞ
ࢺ࡟ࡲ࡜ࡵࡿ࡜࡜ࡶ࡟㸪ㄽᩥ㞟ࢆసᡂࡋ㸪඲ᅜ࡛ᐇ᪋
ࡉࢀࡿᵝࠎ࡞⏕ᚐ◊✲Ⓨ⾲఍࡞࡝࡛Ⓨ⾲ࡋ࡚࠸ࡿࠋ 
 
㸦ࢮ࣑ࢼ࣮ࣝ2%࡛࠶ࡿ㧗ᰯ㸱ᖺ⏕ࡢㅮ⩏㸧
2015ᖺᗘࡣ㸪⟃Ἴ኱Ꮫࡢᆏ஭බඛ⏕࡜➉ෆ⪔ኴඛ⏕㸪
࠾ࡼࡧ኱Ꮫ㝔⏕ࡢࡈᣦᑟࢆཷࡅ࡞ࡀࡽ㸪ᩘᏛዲࡁ࡞⏕
ᚐ14ྡࡀ㞟ࡲࡗ࡚㸪ࠗ65ᮇࡢࡘࡃࢥ࣐ᩘᏛ⛉㸟 ࢆ࠘ࢸ
࣮࣐࡟㸪ᵝࠎ࡞ᩘᏛࡢၥ㢟ࡸᛶ㉁࡟ࡘ࠸࡚῝ࡃ᥀ࡾୗ
ࡆࡿࡼ࠺࡞◊✲࡟ྲྀࡾ⤌ࢇ࡛࠸ࡿࠋࡲࡓ㸪ࢮ࣑ࢼ࣮ࣝ
ࡢ୰࡛ࡣ㸪኱Ꮫ㝔⏕ࡸࢮ࣑ࢼ࣮ࣝOB࡛࠶ࡿ㧗ᰯ3ᖺ
⏕࣭኱Ꮫ1ᖺ⏕ࡢㅮ⩏ࡶ࠶ࡾ㸪㧗ᗘ࡞ᩘᏛ࡟ゐࢀࡿᶵ
఍ࡶ࠶ࡿࠋࢮ࣑ࢼ࣮ࣝࡢ⥲ᣓ࡜ࡋ࡚㸪୰Ꮫ3ᖺ⏕ࡶཧ
ຍࡋ࡚ࣉࣞⓎ⾲ࢆ⾜࠺ࠋࡑࡢ㝿㸪୰Ꮫ3ᖺ⏕ࡢࢸ࣮࣐
Ꮫ⩦࡛ᩘᏛࢆ㑅ᢥࡋ࡚࠸ࡿ⏕ᚐ࠿ࡽࡢⓎ⾲ࡶ⾜ࡗࡓࠋ
ཧຍ⪅ࡢ࢔ࣥࢣ࣮ࢺ࠿ࡽ㸪┦஫࡟่⃭ࢆཷࡅ࡚࠸ࡿࡇ
࡜ࡀ❚࠼㸪ຠᯝⓗ࡞ྲྀࡾ⤌ࡳ࡛࠶ࡿ࡜⪃࠼࡚࠸ࡿࠋ 
ࡲࡓ㸪኱㜰ᗓ❧኱ᡭ๓㧗ᰯ୺ദࡢࠕ࣐࣭ࢫ ࣇ࢙ࢫࢱࠖ
ࡸ᫂἞኱Ꮫඛ➃ᩘ⌮⛉Ꮫ࢖ࣥࢫࢸ࢕ࢳ࣮ࣗࢺ୺ദࠕ㧗
ᰯ⏕࡟ࡼࡿ MIMS ⌧㇟ᩘ⌮Ꮫ◊✲Ⓨ⾲఍ࠖࡢࡼ࠺࡞
⏕ᚐ◊✲Ⓨ⾲఍࡟ࡶ✚ᴟⓗ࡟ཧຍࡋ㸪ཱྀ㢌Ⓨ⾲ࡸ࣏ࢫ
ࢱ࣮Ⓨ⾲ࢆ⾜ࡗ࡚࠸ࡿࠋ 
 
䠄䝬䝇䞉䝣䜵䝇䝍䛷䛾ཱྀ㢌Ⓨ⾲䠅㻌

⏕ᚐࡢᩘᏛⓗάືࡢᨭ᥼
≉ูㅮᗙྠᵝ㸪⏕ᚐࡢᩘᏛ࡬ࡢ⯆࿡㛵ᚰࢆ㧗ࡵࡿࡓ
ࡵ࡟ᩘᏛ࢜ࣜࣥࣆࢵࢡ(JMO)࣭ᩘᏛࢪࣗࢽ࢔࢜ࣜࣥࣆ
ࢵࢡ(JJMO)࡬ࡢཧຍࢆເࡗ࡚࠸ࡿࠋ௒ᖺᗘࡶከᩘࡀ
ᛂເࡋ࡚࠸ࡿࠋᅜ㝿ᩘᏛ࢜ࣜࣥࣆࢵࢡ࡟ࡣ㸪᪥ᮏࡀ
ึཧຍࡋࡓ➨32ᅇ኱఍࠿ࡽ2015ᖺኟࡢ➨54ᅇ኱
఍ࡲ࡛࡟㸪ࡢ࣋36ྡࡢ⏕ᚐࡀ㸪2012㹼14ᖺᅜ㝿ᩘ
Ꮫ➇ᢏ఍࡛ࡣࡢ࡭6ྡࡢ୰Ꮫ⏕ࡀ㸪᪥ᮏ௦⾲࡜ࡋ࡚
ཧຍࡋࡓࠋ 
ᩘᏛ࢜ࣜࣥࣆࢵࢡ IMOᡂ⦼ 
2013 ➨ 54ᅇᅜ㝿ᩘᏛ࢜ࣜࣥࣆࢵࢡ㸦IMO㸧 ࢥࣟࣥ
ࣅ࢔኱఍ࡢ᪥ᮏ௦⾲㑅ᡭ㸰ྡ㖟࣓ࢲࣝ⋓ᚓ
㸦2013.7᭶㸧 
2014 ➨55ᅇᅜ㝿ᩘᏛ࢜ࣜࣥࣆࢵࢡ㸦IMO㸧༡࢔ࣇࣜ
࢝኱఍ࡢ᪥ᮏ௦⾲㑅ᡭ㸯ྡ㔠࣓ࢲࣝ 1 ྡ㖟࣓ࢲ
ࣝ⋓ᚓ㸦2014.7᭶㸧 
2015 ➨56ᅇᅜ㝿ᩘᏛ࢜ࣜࣥࣆࢵࢡ㸦IMO㸧ࢱ࢖኱఍
ࡢ᪥ᮏ௦⾲㑅ᡭ㸯ྡ㖟࣓ࢲࣝ 1 ྡ㖡࣓ࢲࣝ⋓ᚓ
㸦2015.7᭶㸧  

࣭㒊άືࠕᩘᏛ⛉Ꮫ◊✲఍㸦MATHIC㸧ࠖ ࡢάືᨭ᥼ 
ᮏᰯᩘᏛ⛉࡛ࡣ㸪ᩘ Ꮫ࡟⯆࿡㛵ᚰࢆᣢࡗࡓ⏕ᚐࡀ㞟ࡲ
ࡾ◊✲άືࢆ⾜࠸㸪ᩘ Ꮫࢆᴦࡋࡴ㒊ά ືࠕᩘᏛ⛉Ꮫ◊✲
఍ ࡢࠖᨭ᥼ࢆ⾜ࡗ࡚࠸ࡿࠋ௒ᖺᗘࡶᩥ໬⚍࡛ࡢⓎ⾲࡟ከ
ᩘࡢ᮶ሙ⪅ࢆᚓࡿ࡜࡜ࡶ࡟㸪◊✲࣏࣮ࣞࢺ㞟͆Café 
Bollweck͇ࢆⓎ⾜ࡋࡓࠋ 
 
㸬㛤Ⓨᩍᮦ୍ぴ࠾ࡼࡧ㛤Ⓨᩍᮦࡢᐇ㝿
ۻ༳ ௒ᖺᗘ㛤Ⓨ୰ࡢࡶࡢ࡛ᮏ✏࡟グ㍕ࠋ
ࠕA.௦ (ᩘAlgebra)ࠖ 㸪ࠕAn. ゎᯒ(Analysis)ࠖ 㸪ࠕG. ᗄ
ఱ(Geometry) 㸪ࠖࠕP. ☜⋡(Probability) 㸪ࠖ 
ࠕS. ⤫ィ(Statistics) 㸪ࠖࠕD. ᚤศ᪉⛬ᘧ(Differential 
Equation)ࠖ 㸪ࠕO. ࡑࡢ௚(Others)  ࠖ
ྛ㡯┠ࢆᩚ⌮ࡍࡿ㝿㸪୰ᏛࢆᑠᩥᏐ㸪㧗ᰯࢆ኱ᩥᏐ
࡟ࡋ࡚㸪ᰯ✀ࢆ༊ูࡋࡓࠋࡲࡓ㸪ᩍᮦ㛤Ⓨࡢ㝿࡟᝿ᐃ
ࡋ࡚࠸ࡿ㸪ࡶࡋࡃࡣ㸪ᐇ㝿࡟ᤵᴗࢆ࠾ࡇ࡞ࡗࡓᏛᖺࢆ
ᩘᏐ࡛♧ࡋࡓࠋᏛᖺࢆ≉ᐃࡋ࡚࠸࡞࠸ᩍᮦࡸ」ᩘᏛᖺ
࡛ࡢྲྀࡾᢅ࠸ࢆ᝿ᐃࡋ࡚࠸ࡿᩍᮦࡣ㸪ᩘᏐࡢ௦ࢃࡾ࡟
ࠕIࠖ ࢆ⏝࠸ࡓࠋ 
ࠝ౛ ࠞ 㼍㼚㻞㻚 ྜᡂ㛵ᩘ࡜ࢢࣛࣇ
 An.ࡣゎᯒ࡛࠶ࡾ㸪ඛ㢌ࡀᑠᩥᏐ࡞ࡢ࡛୰Ꮫ⏕ᑐ
㇟㸪ࡍ࡞ࢃࡕ୰Ꮫ2ᖺࡢࠕゎᯒࠖࡢᩍᮦࢆ⾲ࡍࠋ 
௨ୗ㸪⾲࡟⥆࠸࡚㸪ۻ࡛♧ࡋࡓᩍᮦ࡟ࡘ࠸࡚ලయⓗ
࡟ሗ࿌ࡍࡿࠋ
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 㛤Ⓨᩍᮦ୍ぴ㸦⟃Ἴ኱Ꮫ㝃ᒓ㥖ሙ୰࣭ 㧗➼ᏛᰯᩘᏛ⛉㸧 㸰㸮㸯㸳ᖺᗘ

a1.  ᩚᩘ     g3-4. ࣊ࣟࣥࡢබᘧࡢᗄఱⓗド᫂࡜ᛂ⏝ 
a1-2. ᭷⌮ᩘ    g3-5. ཮ᚰᅄゅᙧࡢᛶ㉁ ۻ
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a1-4. ㏿⟬⾡ ۻ  G1-2. ࢹ࢝ࣝࢺࡢ෇ᐃ⌮ 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a1-4. ଎ࢉज़
ؔ࿈෼໺ɿ୅਺෼໺
ߴ౳਺ֶɿ੔਺࿦
ର৅ֶ೥ɿதֶ 1೥ੜɼߴߍ 1೥ੜ
ؔ࿈୯ݩɿ਺ͱࣜɼ੔਺ͷੑ࣭
ڭ ࡐ ໊ɿ଎ࢉज़
ʬల։ɾҼ਺෼ղͷެࣜͷ଎ࢉज़΁ͷԠ༻ʭ
ల։ɾҼ਺෼ղͷެࣜ͸༷ʑ͋Δ͕ɼ୅਺తʹѻ͏
͜ͱ͕΄ͱΜͲͰ͋ΔɽຊߘͰ͸ɼ͜ΕΒͷެࣜΛɼ࣮
ࡍͷܭࢉʹ͓͚Δ଎ࢉज़΁ద༻͠ɼͦͷ༗༻ੑΛ֬ೝ
͢Δɽ·ͨɼ෼഑๏ଇ͔Βػցతʹಋ͔Εɼந৅తʹ
ͳΓ͕ͪͳެࣜͷزԿతදݱ΋ߟ࡯͠ɼެࣜͷҙຯΛ
࣮ײͰ͖ΔΑ͏ʹ͢Δɽ
a1-4.1. ల։ɾҼ਺෼ղͷެࣜͱͦͷزԿతදݱ
෼഑๏ଇ
(a+ b)x = ax+ bx
ͷزԿతදݱ͸ɼಛʹ a > 0, b > 0, x > 0ͱͯ͠ɼ࣍
ͷΑ͏ͳ௕ํܗͷ෼ׂ͕ߟ͑ΒΕΔɽ
x
a b
ల։ɾҼ਺෼ղͷެࣜ͸෼഑๏ଇ͔Βಋ͔ΕΔ͕ɼجຊ
తͳ΋ͷʹ͍ͭͯɼಉ༷ʹزԿతදݱΛߟ͑ͯΈΑ͏ɽ
໰ 1. ࣍ͷࣜΛܭࢉ͠ɼಛʹ x > 0, y > 0, x > y
ͱͯ͠ɼͦͷزԿతදݱ΋ద౰ͳਤܗΛ༩͑ͯߟ
͑Αɽ
(1) (x+ y)2
(2) (x− y)2
(3) (x+ y)(x− y)
(4) (a+ b)(x+ y)
ղ
(1) (x+ y)2 = (x+ y)(x+ y) = x(x+ y)+ y(x+ y)
= x2 + xy + yx+ y2 = x2 + 2xy + y2
ʲزԿతදݱʳ
x
y
x y
(2) (x− y)2 = (x+ (−y))2 = x2 + 2x(−y) + (−y)2
= x2 − 2xy + y2
ʲزԿతදݱʳ
x
x
y
y
x
x− y
x− y
y
(3) (x+ y)(x− y) = x(x− y) + y(x− y)
= x2 − xy + yx− y2 = x2 − y2
ʲزԿతදݱʳ
x
x
y
y
x− y
x− y
y
˞ࣼઢ෦͸ಉ͡໘ੵ
(4) (a+ b)(x+ y) = a(x+ y) + b(x+ y)
= ax+ ay + bx+ by
ʲزԿతදݱʳ
x
y
a b

͜͜Ͱ͸ɼ଎ࢉज़Ͱར༻͢Δ࠷΋جຊతͳެࣜͷΈ
Λѻ͕ͬͨɼଞͷެࣜ΋زԿతදݱΛߟ͑ͯΈΔͱɼެ
ࣜͷҙຯΛΑΓਂ͘ཧղ͢Δ͜ͱ͕Ͱ͖Δɽ
࣍ʹɼ͜ΕΒͷެࣜͷ؆୯ͳԠ༻Λѻ͏ɽ
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໰ 2. ࣍ͷࣜΛܭࢉͤΑɽ
(1) (a− b)(x− y)
(2) (x+ a)(x+ b)
(3) (10a+ b)(10a+ c)
(4) (a− b)3
ղ
(1) (a− b)(x− y) = (a+ (−b))(x+ (−y))
= ax+ a(−y) + (−b)x+ (−b)(−y)
= ax− ay − bx+ by
(2) (x+ a)(x+ b) = x2 + xb+ ax+ ab
= x2 + (a+ b)x+ ab ˞ xͰ੔ཧͨ͠৔߹
(3) (10a+ b)(10a+ c) = (10a)2 + (b+ c)10a+ bc
= 100a2 + 10(b+ c)a+ bc
˞ aͰ੔ཧͨ͠৔߹
(4) (a−b)3 = (a−b)(a−b)2 = (a−b)(a2−2ab+b2)
= a(a2 − 2ab+ b2)− b(a2 − 2ab+ b2)
= a3 − 2a2b+ ab2 − a2b+ 2ab2 − b3
= a3 − 3a2b+ 3ab2 − b3 
͜͜Ͱ֬ೝͨ͠౳ࣜ͸ɼ଎ࢉज़ͰΑ͘ར༻͞ΕΔɽ
a1-4.2. ଎ࢉज़ͷجຊ
໰ 1ɼ໰ 2Ͱূ໌ͨ͠ެࣜΛద༻ͯ͠ɼ଎ࢉज़ͷج
ຊΛ֬ೝͯ͠ΈΑ͏ɽ
໰ 3. ࣍ͷࣜΛ޻෉ͯ͠ܭࢉͤΑɽ
(1) 99× 78
(2) 999× 681
(3) 103× 97
(4) 1002× 998
(5) 98× 103
(6) 998× 997
(7) 9983
ղ
(1) 99× 78 = (100− 1)× 78 = 7800− 78
= 7700 + 100− 78 = 7700 + 22 = 7722
(2) 999× 681 = (1000− 1)× 681 = 681000− 681
= 680000 + 1000− 681 = 680000 + 319
= 6800319
(3) 103× 97 = (100 + 3)(100− 3) = 1002 − 32
= 10000− 9 = 9991
(4) 1002×998 = (1000+2)(1000−2) = 10002−22
= 1000000− 4 = 999996
(5) 98× 103 = (100− 2)(100 + 3)
= 1002 + (−2 + 3)× 100− 2× 3
= 10000 + 100− 6 = 10094
(6) 998× 997 = (1000− 2)(1000− 3)
= 10002 + (−2− 3)× 1000 + (−2)× (−3)
= 1000000− 5000 + 6
= 995000 + 6 = 995006
(7) 9983 = (1000− 2)3
= 10003 − 3× 10002 × 2 + 3× 1000× 22 − 23
= 1000000000− 6000000 + 12000− 8
= 994000000 + 11992 = 994011992 
໰ 3ͷ (1)ɼ(2)ͷܭࢉ݁ՌΛجʹ଎ࢉज़Λߟ͑ͯΈ
Δͱɼ
99× a = (100− 1)a = 100a− a
= 100(a− 1 + 1)− a
= 100(a− 1) + 100− a (1  a  99),
999× b = (1000− 1)b = 1000b− b
= 1000(b− 1 + 1)− b
= 1000(b− 1) + 1000− b (1  b  999)
͕ಘΒΕΔɽ͜͜Ͱɼ
1  100− a  99, 1  1000− b  999
ΑΓɼͦΕͧΕɼඦͷҐɼઍͷҐ΁ͷ্ܻ͕Γ͕ͳ͍
͜ͱʹ஫ҙ͓͖͍ͯͨ͠ɽ
ྫ (2ܻͷ਺ͷੵ) ࣍ʹ༩͑ͨܭࢉ͸ɼ଎ࢉज़ͷجຊ
Ͱ͋Γɼ༷ʑͳຊͰ঺հ͞Ε͍ͯΔɽʮ͖͕͚ͨ͢ʯͱ
ݺ͹ΕΔʮ3× 7 + 5× 4ʯͷܭࢉ͕༰қʹͰ͖ΔͷͰ
͋Ε͹ɼ҉ࢉ΋ՄೳͱͳΔɽ
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3 5
4 7×
1 2 3 5
2 1
2 0
5461
3× 7
5× 4
3× 4 5× 7
3 5
4 7×
1 2 3 5
4 1
5461
3× 7 + 5× 4
3× 4 5× 7
ʲ҉ࢉʳ
ʲཱࣜʳ
͜ͷ଎ࢉज़ͷ࢓૊Έ͸ɼ
35 = 3× 10 + 5, 47 = 4× 10 + 7
ͷΑ͏ʹɼ2ܻͷ਺Λ 10a+ b, 10c+ dͱදͤΔ͜ͱ
Λར༻ͯ͠ɼ࣍ͷΑ͏ʹূ໌Ͱ͖Δɽ
(10a+ b)(10c+ d)
= 10a× 10c+ 10a× d+ b× 10c+ bd
= 100ac+ 10(ad+ bc) + bd

a1-4.3. ଎ࢉज़ͷԠ༻
࣍ʹɼΑΓෳࡶͳ଎ࢉज़ʹ͍ͭͯߟ͑ͯΈΑ͏ɽͨ
ͩ͠ɼܭࢉ͕؆ܿʹͳΔҰํͰɼ͋Δఔ౓ͷ৚͕݅ඞ
ཁͰ͋Δ͜ͱʹ஫ҙ͓͖͍ͯͨ͠ɽ
໰ 4. ࣍ʹ༩͑ͨܭࢉʹ͓͍ͯɼ଎ࢉज़Λߟ͑ɼҰ
ൠʹ੒ཱ͢Δ͜ͱΛจࣈΛ࢖ͬͯূ໌ͤΑɽ
(1) 2ܻͷ਺ͱ 11ͷੵ
7 2
1 1×
297
8 7
1 1×
759
(2) ҰͷҐ͕ 5Ͱ͋Δ 2ܻͷ਺ͷ 2৐
352 = 1225, 752 = 5625
(3) ҰͷҐ͕ 5Ͱ͋Δ 3ܻͷ਺ͷ 2৐
9952 = 990025, 2052 = 42025
(4) ेͷҐ͕ಉ͡ͰҰͷҐͷ࿨͕ 10Ͱ͋Δ 2ܻͷ
਺ಉ࢜ͷੵ
3 4
3 6×
1 2 2 4
(5) ҰͷҐ͕ಉ͡ͰेͷҐͷ࿨͕ 10Ͱ͋Δ 2ܻͷ
਺ಉ࢜ͷੵ
4 8
6 8×
3 2 6 4
(6) ඦͷҐ͕ಉ͡ͰԼ 2ܻͷ࿨͕ 100Ͱ͋Δ 3ܻ
ͷ਺ಉ࢜ͷੵ
7 4
7 5×
6 2 4 7
5
5
55
(7) ҰͷҐ͕ಉ͡Ͱ্ 2ܻͷ࿨͕ 100Ͱ͋Δ 3ܻ
ͷ਺ಉ࢜ͷੵ
4 6
5 4×
5 5 4 4
7
7
92
(8) ඦͷҐͷ࿨͕ 10ͰԼ 2ܻ͕ಉ͡Ͱ͋Δ 3ܻͷ
਺ಉ࢜ͷੵ
3 1
7 1×
2 8 3 2
8
8
42
ղ
(1) (10a+ b)× 11 = 110a+ 11b
= 100a+ 10a+ 10b+ b = 100a+ 10(a+ b) + b
(2) (10a+ 5)2 = (10a)2 + 2× 10a× 5 + 52
= 100a2 + 100a+ 25 = 100a(a+ 1) + 25
(1  a  9 ͷͱ͖)
͜ͷͱ͖ɼ(10a+5)2ͷԼ 2ܻ͸ɼ“25”ͱͳΔ͜
ͱʹ஫ҙ͓͖͍ͯͨ͠ɽ
(3) (2)ʹ͓͍ͯɼ10  a  99ͷͱ͖Λߟ͑Ε͹Α͍ɽ
(4) b+ c = 10ͱ͢Δɽ
(10a+ b)(10a+ c) = (10a)2 + (b+ c)10a+ bc
= 100a2 + 10a(b+ c) + bc
= 100a2 + 10a× 10 + bc
= 100a(a+ 1) + bc
͜͜Ͱɼbc͸࠷େ 2ܻͰ͋Δ͜ͱʹ஫ҙ͓ͯ͘͠ɽ
(5) a+ c = 100ͱ͢Δɽ
(10a+ b)(10c+ b)
= 10a× 10c+ 10a× b+ b× 10c+ b2
= 100ac+ 10(a+ c)b+ b2
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= 100ac+ 10× 10× b+ b2
= 100(ac+ b) + b2
͜͜Ͱɼb2͸࠷େ 2ܻͰ͋Δ͜ͱʹ஫ҙ͓ͯ͘͠ɽ
(6) 0  b  99, 0  c  99, b + c = 100ͱ͢Δɽ
(100a+ b)(100a+ c)
= (100a)2 + (b+ c)× 100a+ bc
= 10000a2 + 100× 100a+ bc
= 10000a(a+ 1) + bc
͜͜Ͱɼbc͸࠷େ 4ܻͰ͋Δ͜ͱʹ஫ҙ͓ͯ͘͠ɽ
(7) 10  a  99, 10  c  99, a + c = 100,
0  b  9ͱ͢Δɽ
(10a+ b)(10c+ b)
= 10a× 10c+ 10a× b+ b× 10c+ b2
= 100ac+ 10(a+ c)b+ b2
= 100ac+ 10× 100× b+ b2
= 100(ac+ 10b) + b2
͜͜Ͱɼb2͸࠷େ 2ܻͰ͋Δ͜ͱʹ஫ҙ͓ͯ͘͠ɽ
(8) 1  a  9, 1  c  9, a + c = 10, 0  b  99
ͱ͢Δɽ
(100a+ b)(100c+ b)
= 100a× 100c+ 100a× b+ b× 100c+ b2
= 10000ac+ 100(a+ c)b+ b2
= 10000ac+ 100× 10× b+ b2
= 1000(10ac+ b) + b2
͜͜Ͱɼb2͸࠷େ 4ܻͳͷͰɼ࿨Λͱͬͨͱ͖ʹɼ
ઍͷҐͰॏෳ͕͋ΔՄೳੑ΋͋Δɽ 
࠷ޙʹɼਖ਼ํܗͷ໘ੵͷܭࢉΛ͸͡Ίɼ࢖͏ػձ͕
ଟ͍ฏํ਺ͷ଎ࢉज़Λߟ͑ͯΈΑ͏ɽ
໰ 5. 81, 82, · · · , 90 ͷฏํ਺ΛͰ͖Δ͚ͩ଎͘
ܭࢉͤΑɽ·ͨɼ଎͘ܭࢉ͢ΔͨΊʹɼͲͷΑ͏ͳ
޻෉Λ͔ͨ͠ड़΂Αɽ
ղ
Ұൠʹ a2 − b2 = (a+ b)(a− b)ɼ͢ͳΘͪɼ
a2 = (a+ b)(a− b) + b2 · · · 1©
͕੒ཱ͢Δɽಛʹ a = x+ 1, b = xͱ͓͘ͱɼ
(x+ 1)2 = (x+ 1 + x)(x+ 1− x) + x2 ΑΓ
(x+ 1)2 = x2 + x+ (x+ 1) · · · 2©
͕੒ཱ͢Δɽͭ·Γɼ(x + 1)2 ͸ɼx2 ʹ x+ (x+ 1)
Λ଍͢͜ͱʹΑͬͯಘΒΕΔɽ
x2 (x+ 1)2
+x+ (x+ 1)
࠷ॳͷฏํ਺Ͱ͋Δ 812 Λܭࢉ͢ΔͨΊʹɼ 1©Ͱ
a = 81, b = 19ͱ͓͘ͱɼ
812 = (81 + 19)(81− 19) + 192 · · · (∗)
= 100× 62 + 361 = 6561
Ͱ͋Γɼ 2©Ͱ x = 81ͱ͓͘ͱɼ
822 = (81 + 1)2 = 812 + 81 + 82
= 6561 + 163 = 6724
ΛಘΔɽ͞Βʹɼ 2©Ͱ x = 82ͱ͓͖ɼ
832 = 822 + 82 + 83
ͷΑ͏ʹɼ܁Γฦ͠ಉ༷ʹܭࢉ͍͚ͯ͠͹ɼٻΊΔฏ
ํ਺͸ɼॱʹ
6561, 6724, 6889, 7056, 7225,
7396, 7569, 7744, 7921, 8100
Ͱ͋Δɽ 
ͪͳΈʹɼ(∗)ʹ͓͍ͯɼb = 1ͱ͢Ε͹ɼ
812 = (81 + 1)(81− 1) + 12
= 82× 80 + 1 = 6560 + 1 = 6561,
b = 9ͱ͢Ε͹ɼ
812 = (81 + 9)(81− 9) + 92
= 90× 72 + 81 = 6480 + 81 = 6561
Ͱ͋ΓɼbΛͲͷΑ͏ͳ஋ʹͯ͠΋ɼಉ༷ͷ݁ՌΛಘ
Δɽ·ͨɼ࣍ͷੑ࣭
x2 (x+ 1)2
+x+ (x+ 1)
(x+ 2)2
+(x+ 1) + (x+ 2)
+2
Λར༻ͨ͠ղ౴΍ɼ୯७ʹ
(100− a)2 = 10000− 200a+ a2
Λద༻ͨ͠ղ౴΋͋ͬͨɽ
(2015೥ ਢా)
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A 1-4.ɹੜెͷ՝୊ൃݟೳྗΛҭΉڭࡐͱ͠
ͯͷΦΠϥʔؔ਺
ؔ࿈෼໺ɿ߹ಉࣜ
ߴ౳਺ֶɿॳ౳੔਺࿦
ର৅ֶ೥ɿߴߍ 1೥ੜ
୯ݩɿ੔਺ͷੑ࣭
ڭࡐ໊ɿΦΠϥʔؔ਺Ͱ༡΅͏
0.1 ΦΠϥʔͷϕؔ਺
ఆٛɿࣗવ਺mʹର͠ɺmͱޓ͍ʹૉͳ
mҎԼͷࣗવ਺ͷݸ਺Λ ϕ(m)ͱ͢Δɻ
۩ମྫͰ֬ೝͯ͠ΈΑ͏ɻϕ(6) ͸ɺ6 ҎԼ
ͷࣗવ਺Ͱ 6ͱޓ͍ʹૉͳ΋ͷ͸ 1, 5ͷ 2ݸͳ
ͷͰɺϕ(6) = 2Ͱ͋Δɻ·ͨɺૉ਺͸̍ͱࣗ෼
ࣗ਎͔͠໿਺Λ࣋ͨͳ͍ͱ͍͏ఆ͔ٛΒͨͩͪ
ʹɺp͕ૉ਺ͱ͢Δͱϕ(p) = p− 1͕੒Γཱͭɻ
ٯʹɺࣗવ਺ n͕ ϕ(n) = n − 1Λຬͨ͢ͱ͢
Δͱɺn͸ૉ਺Ͱ͋Δɻ
ૉ਺෼෍Λݚڀ͍ͯͨ͠ΦΠϥʔ͕ఆٛͨ͠
ؔ਺Ͱɺࠓ೔·Ͱ͞·͟·ͳݚڀ͕ͳ͞Ε͖ͯ
ͨؔ਺Ͱ͋Δ͕ɺΦΠϥʔؔ਺͸෼͔͍ͬͯͳ͍
͜ͱͷํ͕ଟ͍ɻͨͱ͑͹ɺϕ(3) = 2, ϕ(6) = 2
ͷΑ͏ʹɺΦΠϥʔؔ਺ͷ஋ʹ 2Λ࣋ͭΑ͏ͳ
ࣗવ਺͸গͳ͘ͱ΋ 2ݸҎ্͸ଘࡏ͢ΔɻΦΠ
ϥʔؔ਺ͷ۩ମతͳ஋Λܭࢉͯ͠ΈΔͱɺඞͣ
஋͕ॏෳ͍ͯ͠ΔΑ͏ʹ؍࡯͞ΕΔɻ͢ͳΘͪ
ΦΠϥʔؔ਺ͷٯؔ਺͸ଟՁؔ਺Ͱ͋Δ͜ͱ͕
؍࡯͞ΕΔ͕ɺ͜Ε͸ະղܾ໰୊ͳͷͰ͋Δɻ
෼͔͍ͬͯͳ͍͜ͱ͕ଟ͍ͱ͍͏͜ͱ͸ɺͦΕ
͚ͩʮ͞·͟·ͳ͜ͱ͕ΒʹજΉ࢓૊Έ΍๏ଇ
Λ਺ཧతͳղੳʹΑͬͯղ͖໌͔ͦ͏ʯͱ͍͏
ຊߍ਺ֶՊͷ໨ඪΛୡ੒͢ΔͨΊʹ;͞Θ͍͠
ڭࡐʹͳΓ͏ΔɻಛʹɺΦΠϥʔؔ਺͸ͦͷఆ
͕ٛඇৗʹγϯϓϧͰɺදʹͯ͠ோΊɺࣗ෼ͳ
ΓͷنଇੑΛൃݟͯ͠ূ໌͢Δ͜ͱ͕Ͱ͖Ε͹ɺ
ͦΕ͸ੜెͷఆཧͱͳΔɻ
ੑ࣭
• p͕ૉ਺ͷͱ͖ɺϕ(p) = p− 1
• m Λඇෛ੔਺ɺp ͕ૉ਺ͷͱ͖ ϕ(pm) =
pm−1(p− 1)
• m,nΛޓ͍ʹૉͳ̎ͭͷඇෛ੔਺ͱ͢Δͱ
͖ɺϕ(mn) = ϕ(m)ϕ(n)
ূ໌͸ຊߍ։ൃڭࡐूA1-3Ͱஸೡʹ෼͔Γ΍͢
͘ॻ͔Ε͍ͯΔͷͰɺͦ ͪΒΛࢀর͞Ε͍ͨɻ͜
͜Ͱ͸ɺݫີͳٞ࿦͸ͤͣɺΦΠϥʔؔ਺ͷݟ
ํΛड़΂Δɻ·ͣඇෛ੔਺ n͕ɺ
n = pm11 p
m2
2 p
m3
3 . . . p
mk
k
ͱૉҼ਺෼ղ͞Εͨͱ͢Δɻϕ(n)ͷ஋ΛٻΊΔ
ͨΊʹ࠷΋جຊతͳํ๏ɺ1, 2, 3, . . . ͱ਺͑ͯn
ʹࢸΔ·Ͱɺnͱޓ͍ʹૉͰͳ͍΋ͷΛ਺͑Δ
΍Γํʹ͍ͭͯߟ࡯͢Δɻ؆୯ͷͨΊɺ্هͷ
ૉҼ਺෼ղ͸ɺૉҼ਺͕খ͍͞ॱʹฒΜͰ͍Δ
ͱԾఆ͢Δɻ·ͣɺnʹࢸΔ·Ͱʹ 1ͭ໨ͷૉ
Ҽ਺ p1ͱޓ͍ʹૉͱͳΔ਺ͷׂ߹͸ɺp1ͷഒ਺
͚͕ͩআ͔ΕΔͷͰɺ
p1 − 1
p1
Ͱ͋Δɻͦͷ͋ͱɺp2ͷഒ਺͕আ͔ΕΔͷͰɺn
ʹࢸΔ·Ͱ p1, p2ͱޓ͍ʹૉͱͳΔ਺ͷׂ߹͸ɺ
p1 − 1
p1
p2 − 1
p2
ͱͳΔɻ͜ͷߟ࡯Λ܁Γฦ͢ͱɺnʹࢸΔ·Ͱ
͢΂ͯͷૉҼࢠ p1, p2, . . . , pkͱޓ͍ʹૉͱͳΔ
਺ͷׂ߹͸ɺ
p1 − 1
p1
p2 − 1
p2
ɹ . . . pk − 1
pk
ͱͳΔͷͰɺݩͷ਺ nʹ͜ͷׂ߹Λද͢෼਺Λ
৐ͣΔ͜ͱͰϕ(n)ͷ஋͕ٻ·Δɺͱ͍ͬͨߟ͑
ํͰ͋Δɻʢݫີʹূ໌͢ΔͨΊʹ͸ɺதࠃࣜ৒
༨ఆཧ͕ඞཁʣɹ࣮ࡍɺ
ϕ(n) = n
p1 − 1
p1
p2 − 1
p2
ɹ . . . pk − 1
pk
= pm11 p
m2
2 . . . p
mk
k
p1 − 1
p1
p2 − 1
p2
ɹ . . . pk − 1
pk
= pm1−11 p
m2−1
2 . . . p
mk−1
k (p1−1)(p2−1) . . . (pk−1)
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=
k∏
i=1
pmi−1i (pi − 1)
=
k∏
i=1
ϕ(pmii )
͜ͷ݁Ռ͔Β΋ɺΦΠϥʔؔ਺͸૬ҟͳΔૉҼ
਺ʹରͯ͠৐๏తͰ͋Δ͜ͱ͕෼͔Δɻͯ͞ɺ
ઌ΄ͲͷܭࢉͰग़͖ͯͨɺ
ϕ(n) = n
p1 − 1
p1
p2 − 1
p2
ɹ . . . pk − 1
pk
͸ૉҼ਺෼ղ͑͞Ͱ͖Ε͹ΦΠϥʔؔ਺ͷ஋Λ
؆୯ʹٻΊΔͨΊͷެࣜͰ΋͋Δɻඇෛ੔਺ n
͕ɺ
n = pm11 p
m2
2 p
m3
3 . . . p
mk
k
ͱૉҼ਺෼ղ͞Εͨͱ͖ɺઌ΄ͲͷࣜΛ੔ཧ͠
ͨࣜ
ϕ(n) = n(1− 1
p1
)(1− 1
p2
) . . . (1− 1
pk
)
Ͱ༩͑ΒΕΔɻ͜ ͷެࣜʹै͑͹ɺ100 = 22×52
Ͱ͋Δ͔Βɺ
ϕ(100) = 100(1− 1
2
)(1− 1
5
) = 40
ͱ؆୯ʹܭࢉ͢Δ͜ͱ͕Ͱ͖ΔΑ͏ʹͳΔɻ͞
ͯɺΦΠϥʔؔ਺͕Ԡ༻্ॏཁͳҙຯΛ࣋ͭཧ
༝ͷ̍ͭʹ͸ɺϑΣϧϚʔͷখఆཧͷ֦ு͕͋
Δɻ
ఆཧɿ ඇෛ੔਺ a,m ͕ޓ͍ʹૉͰ͋Δͱ͖ɺ
aϕ(m)˹ 1 (mod m) ͕੒ཱ͢Δɻ
͞·͟·ͳূ໌͕஌ΒΕ͍ͯΔ͕ɺγϯϓ
ϧͳٞ࿦ͰࡁΉ΋ͷΛ༩͓͑ͯ͜͏ɻ
mҎԼͷࣗવ਺Ͱmͱޓ͍ʹૉͰ͋ΔΑ͏ͳ
΋ͷΛɺ
x1, x2, . . . , xϕ(m)
ͱ͓͘ɻ͜ΕΒ͢΂ͯʹmͱޓ͍ʹૉͳࣗવ਺
aΛ͔͚Δɻ
ax1, ax2, . . . , axϕ(m)
͜͜Ͱɺaͱm͕ޓ͍ʹૉͰ͋Δ͜ͱ͔Βɺm
Ͱׂͬͨ༨Γ͸ɺ࠷ॳͷ
x1, x2, . . . , xϕ(m)
ͷ਺ͱಉ͡΋ͷʹͳΔɻ͜ ͷ͜ͱʹ͍ͭͯɺ۩ମ
ྫͰ֬ೝ͔ͯ͠Βɺূ ໌Λ͢Δɻͨ ͱ͑͹m = 7
ͱa = 9͸ޓ͍ʹૉͰ͋Δɻ7ͱޓ͍ʹૉͳ਺͸ɺ
1, 2, 3, 4, 5, 6
Ͱɺ͜ΕΒΛ͢΂ͯ 9ഒ͢Δͱɺ
9, 18, 27, 36, 45, 54
ͱͳΔ͕ɺ͜ΕΒΛ͢΂ͯ 7Ͱׂͬͨ༨Γ͸ɺ
2, 4, 6, 1, 3, 5
Ͱ͋Γɺ࠷ॳͷू߹ͱಉ͡΋ͷʹͳΔɻ͞ ͯҰൠ
ʹɺmͱޓ͍ʹૉͳmҎԼͷ૬ҟͳΔ೚ҙͷ 2
ͭͷ਺ ti, tjʹ͍ͭͯɺmͱޓ͍ʹૉͳ aΛ͔͚
Δ͜ͱͰɺati, atjͱ͍͏̎ͭͷ਺Λͭ͘Γɺ͜
ΕΒΛmͰׂͬͨ༨Γ͕౳͘͠ͳͬͨͱ͢Δɻ
͢ͳΘͪɺ
ati˹ atj (mod m)
Ͱ͋Δͱ͢Δɻ(a,m) = 1Ͱ͋Δ͜ͱ͔Β྆ลΛ
aͰׂΕͯɺti˹ tjͱͳΔ͕ɺͦ΋ͦ΋ ti− tj <
mΑΓɺ͜ Ε͸ෆՄೳͰ͋Δɻ(c.f. ׬શ৒༨ܥʣ
ͯ͞ɺΦΠϥʔͷఆཧͷূ໌ʹ໭Δͱɺmͱޓ
͍ʹૉͳ਺ͨͪΛ͢΂͔͚ͯ͋Θͤͨ΋ͷΛm
Λ๏ͱͯ͠ߟ࡯͢Δɻ
x1x2 . . . xϕ(m)ɹ˹ aϕ(m)x1x2 . . . xϕ(m) (modm)ɹ
֤ xiͨͪ͸mͱ͸ޓ͍ʹૉͰ͋ΔͷͰɺͦΕ
Βͷੵ΋mͱ͸ޓ͍ʹૉͰ͋Δɻ͕ͨͬͯ྆͠
ลΛ x1x2 . . . xϕ(m)ͰׂΕ͹ɺΦΠϥʔͷఆཧΛ
ಘΔɻ
0.2 ΦΠϥʔؔ਺ͷ஋Λ؍࡯͢Δ
४උ͕௕͘ͳͬͯ͠·͕ͬͨɺຊ୊͸ΦΠϥʔ
ؔ਺ͷ஋ʹ͍ͭͯɺ৭ʑͱ؍࡯͍ͯ͘͜͠ͱʹ͋
Δɻ1͔Β 100͘Β͍·Ͱͷࣗવ਺Λߟ͑ɺࣗવ
਺ͱΦΠϥʔؔ਺ͷ஋Λฒ΂ͯΈΔɻΦΠϥʔ
ؔ਺ͷ஋Λ࣮ࡍʹܭࢉ࿅श͢Δ͜ͱ΋େ੾Ͱ͋
Δɻ࣮ࡍʹܭࢉͯ͠දʹͨ͠΋ͷ͕࣍ͷ΋ͷͰ
͋Δɻؾ͕෇͘͜ͱ͸Կ͔͋ΔͩΖ͏͔ɻ͜ͷ
䠉 38 䠉
දΛੜెʹఏࣔ͠ɺԿ͔ؾ͕෇͘͜ͱ͸ͳ͍͔
ͱൃ໰ͯ͠ΈΔͱɺ७ਮͰૉ๿ͳൃݟΛͯ͘͠
ΕΔ͸ͣͰ͋Δɻͦͷൃݟ͸ɺ਺ֶతʹՁ஋͕
͋Δ΋ͷ͔΋͠Εͳ͍͠ɺͦ͏Ͱͳ͔ͬͨͱ͠
ͯ΋ɺڭҭతʹ͸ͱͯ΋େ͖ͳՁ஋ͷ͋Δൃݟ
Ͱ͋Δͱߟ͍͑ͯΔɻ
n ϕ(n) n ϕ(n)
2 1 2 1
3 2 3 2
4 2 4 2
5 4 6 2
6 2 5 4
7 6 8 4
8 4 10 4
9 6 12 4
10 4 7 6
11 10 9 6
12 4 14 6
13 12 18 6
14 6 15 8
15 8 16 8
16 8 20 8
17 16 24 8
18 6 11 10
19 18 22 10
20 8 30 10
21 12 13 12
22 10 21 12
23 22 26 12
24 8 28 12
25 20 36 12
26 12 17 16
27 18 32 16
28 12 34 16
29 28 19 18
30 10 27 18
31 30 38 18
32 16 25 20
33 20 33 20
34 16 23 22
35 24 35 24
36 12 29 28
37 36 31 30
0.3 ༧૝͞ΕΔ؍࡯
؍࡯̍ɿϕ(2) = 1Ҏ֎શ෦ۮ਺Ͱ͋Δɻ
Α͘஌ΒΕͨΦΠϥʔؔ਺Ώ͑ʹɺ͜Ε͸౰
ͨΓલ͗͢Δͷ͔΋͠Εͳ͍͕ɺఆཧͷൃݟ
͸͜͏ͨ͠ૉ๿ͳ؍࡯͔Β࢝·Δ͜ͱ͕ଟ͍ɻ
ੜె͕؍࡯ͨ͜͠ͱʹର͖ͯͪ͠Μͱূ໌Λ
͚ͭΔΑ͏ࢦಋ͢Δ͜ͱ͸؊ཁͰ͋Δɻ࣮ࡍɺ
n͕ɺn = pm11 pm22 pm33 . . . pmkk ͱૉҼ਺෼ղ͞
Εͨͱ͢ΔͱɺΦΠϥʔؔ਺ͷ৐๏ੑʹΑΓɺ
ɹ ϕ(n) = ϕ(pm11 )ϕ(pm22 ) . . . ϕ(pmkk ) Ͱ͋Δɻૉ
਺ pʹରͯ͠ ϕ(pm) = pm−1(p − 1)ͱ͍͏ੑ
࣭Λ࣋ͭ͜ͱ͔Βɺp͕ 2Ͱͳ͚Ε͹ p͸حૉ
਺Ͱ͋ΔͷͰɺp − 1͸ۮ਺Ͱ͋Δɻ͕ͨͬ͠
ͯɺϕ(n)ͷӈลͷͲ͔͜ʹ͸ۮ਺͕͋ΔͷͰɺ
ϕ(n)͸ۮ਺ͱͳΔɻ
؍࡯̎ɿ ୯ௐͰ͸ͳ͍͕ɺm͕େ͖͚Ε͹
ϕ(m)΋େ͖͘ͳΔɻ
ߴߍ 1 ೥Ͱ͸ۃݶͷ֓೦͸·ֶͩश͍ͯ͠
ͳ͍͕ɺۃݶͷݴ༿Ͱݴ͍׵͑Δͱ lim
m→∞
ϕ(m)
͸ൃࢄ͢Δɺͱ͍͏͜ͱͰ͋Δɻ
mҎԼͷૉ਺ͷݸ਺Λ p(m)ͱ͓͘ͱɺmҎԼ
ͷૉ਺͸গͳ͘ͱ΋ m ͱ͸ޓ͍ʹૉͳͷͰɺ
p(m) ≤ ϕ(m)͕੒ཱ͢Δɻૉ਺͸ແݶʹଘࡏ
͢ΔͷͰɺΦΠϥʔؔ਺ͷ஋΋ແݶʹେ͖͘ͳ
Δɻ
؍࡯̏ɿ ۮ਺ͷ஋Ͱଘࡏ͠ͳ͍΋ͷ͕͋Δɻ
ࣗવ਺ʹରͯ͠ΦΠϥʔؔ਺ͷ஋Λॱ൪Ͱ
ฒ΂ସ͑ͯ؍࡯ͯ͠ΈΔͱɺ
14, 26, 34 . . .
ͳͲ͸ɺΦΠϥʔؔ਺ͷ஋ͱͯ͠ొ৔͠ͳ͍͜ͱ
͕؍࡯Ͱ͖ΔɻૉҼ਺෼ղͯ͠ΈΔͱɺ2×p (p :
حૉ਺)ͷܗͷ਺͸ΦΠϥʔؔ਺ͷ஋ʹͳΒͳ
͍ͷͰ͸ͳ͍͔ͱࢥ͑Δ͕ɺϕ(11) = 10 = 2×5
ͳͷͰɺ͜ͷ༧૝͸͙͢ʹ่ΕΔɻ11͕ͩΊͳ
ͷͰ͸ͳ͘ɺحૉ਺͸͍͍ͩͨμϝͬΆ͍͜ͱ
΋؍࡯Ͱ͖Δɻʮ͍͍ͩͨʯ͸਺ֶతͰ͸ͳ͍
͕ɺఆཧΛ࡞ΔաఔͰ͋ͬͨΓɺ৚݅෇͚Λௐ
䠉 39 䠉
΂ΔͨΊʹ͸ॏཁͳײੑͰɺະ஌ͷ਺ֶΛਐΊ
ΔͨΊʹ͸ʮͳΜ͔ɺͦΜͳؾ͕͢Δʯ͕ୈҰ
าͰ͋Δ͜ͱ͕ଟ͍ɻͦ͜ͰɺpΛحૉ਺ͱ͠
ͯɺ͋Δࣗવ਺ nʹ͍ͭͯ
ϕ(n) = 2p
ͱͳͬͨͱԾఆ͢Δɻn͕গͳ͘ͱ΋̎ͭҎ্
ͷح਺ͷૉҼ਺Λ࣋ͭͱ͖ɺΦΠϥʔؔ਺ͷ৐
๏ੑʹΑΓ؍࡯̎ͱಉ༷ͷٞ࿦Ͱɺ஋͸ 4ͷഒ
਺ʹͳΔ͜ͱ͕෼͔ΔͷͰɺͦ͏ͨ͠ n͸͙͢
ʹআ֎Ͱ͖Δɻ্͕ͨͬͯ͠ͷΑ͏ʹͳͬͨͱ
͢Δͱɺͻͱͭͷحૉ਺ qΛ༻͍ͯɺn = 2mqk
Ͱ͋Δ͜ͱ͕෼͔Δɻ͜ͷ nʹରͯ͠ΦΠϥʔ
ؔ਺Λ࡞༻ͤͨ͞஋͕ 2pͱͳΔͷͰɺ
2m−1qk−1(q − 1) = 2p
ͱ͍͏ؔ܎͕ࣜͰ͖Δɻm = 2ͷͱ͖͸ɺp͕
حૉ਺Ͱ͋Δ͜ͱ͔Βɺqk−1(q − 1) = pͱ͸ͳ
Γಘͳ͍ͨΊɺͨͩͪʹm = 1Ͱ͋Δ͜ͱ͕෼
͔Γɺ
qk−1(q − 1) = 2p
ͱͳΔɻ͋ͱ͸ੵͷ৔߹෼͚Ͱٞ࿦͢Δɻ
(1) qk−1(q − 1) = 1× 2pͷͱ͖
q(k−1) = 1ΑΓ k = 1ɺ͔ͭ q − 1 = 2pͱͳΔɻ
ͭ·Γ q = 2p + 1Ͱ͋Δɻp, q͸حૉ਺Ͱ͋ͬ
ͨͷͰɺରۮ໋୊ΛऔΔ͜ͱʹΑΓɺ࣍ͷఆཧ
ͷΑ͏ͳ΋ͷΛಘΔɻ
حૉ਺ pʹରͯ͠ 2p+ 1͕ૉ਺Ͱͳ͍ͳΒ͹
ϕ(n) = 2pͱͳΔࣗવ਺͸ଘࡏ͠ͳ͍ɻ
(2) qk−1 = p, q − 1 = 2ͷͱ͖
ͨͩͪʹ p = q = 3, k = 2͕ಋ͔ΕΔɻ͜Ε͸
ଞͳΒ͵ ϕ(9) = 6ͱ͍͏͜ͱͰ͋Δɻͦͷଞ
ͷ৔߹΋͋Δ͕ɺp, qͷحૉ਺ੑʹ͔ͳΓ੍ݶ
͞Εɺ݁ہ (1)ͷΈ͕༗ޮͳओுͳͷͰ͸ͳ͍
͔ͱߟ͑ΒΕΔɻ
0.4 ͓ΘΓʹ
ઌͷߟ࡯Ͱɺ14΍ 26͕ΦΠϥʔؔ਺ͷ஋ʹ
ͳΒͳ͍͜ͱ͸͕ࣔͤͨɺΦΠϥʔؔ਺ͷ஋ʹ
ͳΒͳ͍͢΂ͯͷۮ਺Λ໢ཏͨ͠Θ͚Ͱ͸ͳ͍ɻ
ௐ΂ͯΈΔͱɺͨͱ͑͹ 50͸ΦΠϥʔؔ਺ͷ஋
ʹ͸ͳΒͳ͍ͷͰ͋Δ͕ɺ͞ΒͳΔಛ௃͚͕ͮ
ඞཁͰ͋Ζ͏ɻ·ͨɺૉ๿ͳ؍࡯ͷ̍ͭʹ
ΦΠϥʔؔ਺͸ඞͣॏෳͨ͠஋Λ࣋ͭ
͜ͱ΋؍࡯͞ΕΔɻݴ͍׵͑ΔͱɺΦΠϥʔؔ਺
ͷٯؔ਺͕ଟՁؔ਺Ͱ͋Δͱ͍͏͜ͱ͕ͩɺ͜
ͷ໰୊͸Ͳ͏΍Βະղܾ໰୊Ͱɺ2015೥ݱࡏɺ
1010
10 ·Ͱ͸ਖ਼͍͜͠ͱ͕ࣔ͞Ε͍ͯΔɻΦΠ
ϥʔؔ਺͸ۙ೥ηΩϡϦςΟٕज़΁ͷԠ༻΋͋
Γɺ·͢·͢ॏཁੑΛ૿͖͍ͯͯ͠Δɻͦͯ͠ɺ
෼͔͍ͬͯͳ͍͜ͱ͕ଟ͍͔Βͦ͜ɺڭࡐͱ͠
ͯͷΦΠϥʔؔ਺ͷॏཁੑΛײ͍͚ͯͨͩͨ͡
ͳΒ޾͍Ͱ͋Δɻ
[ࢀߟจݙ]
A1-3 ߋՊݩࢠ ߴߍʹ͓͚Δ੔਺࿦ͷࢦಋʹͭ
͍ͯ (ஜ೾େֶෟଐۨ৔தɾߴ౳ֶߍ ਺ֶՊ։
ൃڭࡐू)
(2015 ٢࡚)
䠉 40 䠉
 $ᩳ஺ᗙᶆࡢ⸀ࡵ 
㛵㐃ศ㔝㸸✵㛫ᅗᙧࠊ࣋ࢡࢺࣝ
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 ୍⯡࡟ᗙᶆ㍈ࡣ┤஺ࡋ࡚࠸ࡿ᪉ࡀ⪃࠼᫆࠸ࡀࠊᅗᙧ
࡟ࡼࡗ࡚ࡣฎ⌮ࡋ࡟ࡃ࠸ሙྜࡀ࠶ࡿࠋࡑࡢࡼ࠺࡞࡜ࡁ
࡟࣋ࢡࢺࣝࡀ᭷ຠ࡟࡞ࡿࠋ⊂❧ࡋࡓࡘࡢ࣋ࢡࢺ࡛ࣝ
௚ࡢࡍ࡭࡚ࡀ⾲ࡏࡿࡇ࡜ࡣࠊᅗᙧ࡬ࡢᛂ⏝ሙ㠃࡛㔜せ
࡞ࡇ࡜࡛࠶ࡾࠊࡶࡕࢁࢇࡇࡢ㸰ࡘࡢ࣋ࢡࢺࣝࡣ┤஺ࡋ
࡚࠸࡞࠸᪉ࡀᬑ㏻࡛࠶ࡿࠋ
⾜ิࢆ⏝࠸ࡓ1ḟኚ᥮ࡀ㧗➼Ꮫᰯ࡛ᢅࢃࢀ࡞ࡃ࡞ࡗ
ࡓࡓࡵࠊ⏕ᚐ㐩ࡀᩳ஺ᗙᶆࢆ⪃࠼ࡿሙ㠃ࡀ኱ኚᑡ࡞ࡃ
࡞ࡗࡓࠋ≉ẁ࡟㞴ࡋ࠸ࡇ࡜࡛ࡣ࡞࠸ࡢ࡛ࠊ࣋ࢡࢺࣝࡢ
ᣦᑟࡢึᮇࡢẁ㝵࠿ࡽᩳ஺ᗙᶆࢆᢅ࠸ࠊࡑࡢά⏝ࢆᅗ
ࡿ࡜࡜ࡶ࡟ࠊ࣋ࢡࢺࣝࡢᅗᙧ࡬ࡢᛂ⏝ຊࢆᇵ࠸ࡓ࠸ࠋ

 ௨ୗࠊึࡵ࡟ᩳ஺ᗙᶆࡢά⏝౛ࢆ♧ࡋࡓᚋࠊᩳ஺ᗙ
ᶆࢆྵࡵࡓ࣋ࢡࢺࣝࡢᣦᑟࡢὶࢀࢆグࡍࠋ

$ᩳ஺ᗙᶆࡢά⏝౛
 ḟࡢၥ㢟ࡣࠊᨺ≀⥺࡛ᅖࡲࢀࡿ㠃✚㸦ᩍᮦ Gཧ
↷㸧ࠊ࢝ࣂ࢚ࣜࣜࡢཎ⌮ࡢ฼⏝㸦ᩍᮦG㠃✚࣭య✚
ཧ↷㸧ࢆᢅࡗࡓᚋࠊᮏᰯ୰Ꮫᖺ⏕ࡀྲྀࡾ⤌ࢇࡔၥ㢟
࡛࠶ࡿࠋ
x   
y   
䠉 41 䠉
䠉 42 䠉
䠉 43 䠉
䠉 44 䠉
䠉 45 䠉
䠉 46 䠉
䠉 47 䠉
䠉 48 䠉
䠉 49 䠉
g3-5. ཾᛀᅔ゗ᙷࡰᥘ❄
᩵ᤎҪᦘᵐࣕΐҪᦘ
᯳ኝ୼޲ᵐҴኝࣕΐ
߿៧޲࣌ᵐ̒޲3࣌႟ᵅ᯳ಠ1࣌႟
᩵ᤎՁфᵐѨȡ঍ᠧᵂ̀࣋சȡ߉ၔᵂ
̀ᜨ෰ᵂ٧ऻȡ঍ᠧ
୵ ై ֔ᵐխ४٠ᜨऻȡ૱ቊ
ࠡࡱ࡚ࢃ࡭ࠢ
ၑᴾټ ࣋੖20࣌୧ᜲ ȡᴿ޲ᐘૂࠌᜎ᭔ȞǽǷșȢᵂ
̒޲3࣌ȡࣕΐҪᦘȡ޲ᐘȞȢᅗ΅ᵂѨȡ঍ᠧᴾѨֳ
ᜨȡ߉ၔᴿᵂ̀࣋சȡ߉ၔǿӗȽऴșȼȿșǷȾǞ࿪Ȟᵂ
̀࣋சȡ߉ၔȢᵂܒȂȡ୵ሕఛȚȢǧ̒޲୼޲ȡణፏ
ቴǨțȊșΊᏳȘǷșǽȽᵂȆȿȢᵂ̒޲ಠȡణ॔ȡ
෢᪺Țᵂͦ ୼ᄪҪᦘᴾ 2ණசሥऔȷ࣋சನ ȡᴿ޲ᐘțᵂ
ࣕΐᄪҪᦘȡ޲ᐘțȡ፤֏Ʌ᜗ᦘȞїȿȒൄ੖ȚǵȾ
țᐧǻȼȿȾǞ̒޲3࣌ȞǽȄȾࣕΐҪᦘȡ૥ഡɅൄ
ৣȌȾ᫁ᵂȆȡ᜗ླྀɅܗҫȞȊȒǷțኛᐩȢᐧǻȒǞ
˻சᵂ᯳ኝ޲ಠȞᅔɅǹȗȌțᵂ޲ᐘૂࠌᜎ᭔́Ȣ
୼޲AȞǽǷș٧ऻȡ঍ᠧ ୼ᵂ޲ IȞǽǷș̀ᜨ෰ǿ
੾ɂȿșǽȽᵂ̎ᐩȢᣤ૳ȊȝǿȼȵҶǠȞ޲ᐘȈȿ
ȾȆțǿܒǷǞ୼޲ IIʬBȚȢʊɠɹʜȷ٧ऻțசሥ
औțǷȖȒᜬ౨ࣕΐᄪɓʈʞʭɲȞȵస಩ᄪȞțȽǾ
ǾȾȆțǾȼᵂȆȿȼȫȡፁپɅᮍǹ୵ైȞȢ᫰ᜎț
փᑽ঍ǿǵȾȵȡțᐧǻȼȿȾǞ
ͨ́ȡȻǹȝᑭ௪ǾȼసሸȚȢǧᵂխ४٠ᜨऻǨȞྌ
ླྀɅǵșᵂ̒޲3࣌႟Ʌ߿៧ȞȊȒߍᡠɅᤇȊșᵂȐ
ȡ୵ైțȊșȡփᑽ঍Ʌ૱ȖșȲȒǷǞ
1. ཾᛀᅔ゗ᙷࡰᐓ⩡
խ४٠ᜨऻȢᵂͨ̂ȡȻǹȞ߉ᐋȈȿȾǞ
২ऐޱӅحƸbicentric quadrilateralƹʍଜձ
ѧ૳Ѩț܏૳ѨɅțȵȞીȗ٠ᜨऻɅխ४٠ᜨऻ
țǷǹǞ
˻ᓩȞ̀ᜨऻȚǵȿȣᵂ܏૳Ѩʬѧ૳Ѩȡ̎சɅ५
ȍીȗǿᵂ٠ᜨऻȡۂ֏ȢȐǹțȢ᪞ȼȝǷǞ
2. ཾᛀᅔ゗ᙷࡩࡄࢍࡡࢃࡰᯂః
߉ᐋɅȵțȞᵂȱȍȢᵂ٠ᜨऻǿխ४٠ᜨऻȚǵȾ
Ȓȴȡ౑ͭȞȗǷșᐧǻșȲȾǞȆȿȢȌȝɂȔǧᵂѨ
Ȟѧ૳ȌȾᴾ܏૳ѨɅીȗᴿ٠ᜨऻǨᵂǧѨȞ܏૳ȌȾ
ᴾѧ૳ѨɅીȗ ٠ᴿᜨऻǨȡ౑ͭɅᇅᝬȌȾȆțȞ͞ȝ
ȼȝǷǞӉᐩȢ᯳ಠ1࣌ȡ୵ሕఛȞȵձȽ́ȅȼȿȾ
ȮȜȡᆓࣣ֔ǿǵȾǿᵂ॔ᐩȢȐȿȞ෰ȬȾțᆓࣣ֔
Ȣ᯳ȂȝǷțঈɂȿȾǞ
ǂޱӅحɫЗʊௐখɸʪƸҤখЗʱߡʃƹࣰٛǃ
ȆȿȞȗǷșȢӉᣯȡțǽȽᵂǾȝȽȡᆓࣣ֔ǿǵ
ȾȡȚᵂȆȆȚȢӗ৶ȌȾǞȌȝɂȔ ǧᵂ߿ᜨȡ׃ǿ
180ࣣȚǵȾǨȆțǿȐȡ౑ͭȚǵȾǞᝌாȵѨֳᜨ
ȡ߉ၔᴾǵȾǷȢȐȡ᣺ᴿȡᄢ࠮țȊșᵂ̒޲ȚȵԳ
Ҫ੾ǹȆțǿȚȀȾȚǵɀǹǞ
ǂޱӅحɫЗʊҤখɸʪƸௐখЗʱߡʃƹࣰٛǃ
˻சȡѧ૳ѨɅીȗ౑ͭȞȗǷșȢᵂ᣺ᴾѨȞ܏૳
ȌȾ٠ᜨऻȡ঍ᠧᴿȚǵȿȣߚீȞ̒޲႟ȚȵၔᜬȌ
ȾȆțǿȚȀȾǞȌȝɂȔǧᵂ٠ᜨऻǿѨȞ܏૳ȊșǷ
ȾțȀᵂණǿ੖ȽቨȗǨțǷǹ঍ᠧȚǵȾǞ
ЗʊҤখɸʪޱӅحʍ१ࠃ
٠ᜨऻ ABCD ǿѨȞ܏૳ȌȾ
țȀᵂණȡኝऔǿ੖ȽቨȗǞ
ABᵁCDᵓADᵁBC
ᴾᝌாᴿ
ᣜAB BᵂC CᵂD DᵂAȞǽȄȾѧ૳Ѩțȡ૳ླྀɅȐ
ȿȑȿPᵂQᵂRᵂSțǽȄȣᵂ
Ѩ܏ǾȼȥǷȒ2సȡ૳᎐ȡᩤȈȢኝȊǷǾȼᵂ
APᵓASᵂBPᵓBQᵂCRᵓCQᵂDRᵓDS
Ȇȡ4औɅᣜǠӨǻȾțᵂ
APᵁBPᵁCRᵁDRᵓASᵁBQᵁCQᵁDS
ȌȝɂȔᵂ ABᵁCDᵓADᵁBC     ᴾፏᴿ
ȆȡᝌாȚႣǷșǷȾǧѨ܏ǾȼȥǷȒ 2సȡ૳᎐
ȡᩤȈȢኝȊǷǨțǷǹ঍ᠧȵᵂ̀ᜨऻȡ֏֓ɅႣǷ
ȾȆțȞȻȽ̒޲႟ȚȵᝌாǿփᑽȚǵȾǞ
˻சȚᵂȆȡ᣺ᵂȌȝɂȔǧABᵁCDᵓADᵁBCȝ
ȼȣ ٠ᵂᜨऻABCDȢѧ૳ѨɅીȗǨțᜱǻȾȓɀǹ
ǾᵂțǷǹȡǿᵂܒȂȡ႟ॗȞțȖșȢణҴȡ᝾᭢ț
ȝȖȒǞȆȡ౑ͭȢᵂ܏૳ѨɅીȗ౑ͭǿ߿ᜨȡ׃Ț
ǵȾȡȞ߿Ȋ ѧᵂ૳ѨɅીȗ౑ͭǿ߿ᣜȡ׃ȚǵȾᴾ ၑ
௖ླྀȚȢǧŋŋțǷǷȝǨᴿ țǷǹᐂȊȈȵǵȾȡȚᵂ
႟ॗȞțȖșȢᵂᅖᜣᄪȞȢෂȊǷȡȚȢȝǷǾțঈ
h
i
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k
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ǻȾȵȡȓȖȒȻǹȚǵȾǞ
ȊȣȼȂȊșᵂǵȾ႟ॗǿǧң٠ᜨऻȚȢ੖ȽቨȒ
ȝǷȡȚȢȝǷǾǨțǷǹծΦᴾΦǻȣᵂȒȆऻȡᆖ
Ƿ2ᣜɅѧЄȞઑȽᣥȊȒȻǹȝ٠ᜨऻᴿɅҤȊȒȒ
ȴᵂ౑ͭȢώෂȈȿ ǧᵂABᵁCDᵓADᵁBC ȚǵȾҢ
٠ᜨऻȝȼȣ ٠ᵂᜨऻABCDȢѧ૳ѨɅીȗǨțȝȖ
ȒǞᴾ ȝǽᵂ૥ഡ॔Ȟ ǧᵂᣜȡऄᩤȵᝅȊșǩ4 ᅖ᎐Ȟ
૳ȌȾѨǿީټȌȾ౑ͭǪțȌȿȣᵂң٠ᜨऻȚȵ੖
ȽቨȗȡȚȢȝǷǾǨțǷǹ৲᜔ȵǵȖȒᴿ
ȆȡȻǹȝᝌாȞǽǷșȢᵂȐȿȱȚȞᡦɆȚȀȒ
ǧۂ୼ǨǿȵȡɅᜱǹȆțǿǵȾȻǹȚ ǽᵂȐȼȂ̺४
ȡީټᝌாȝȜȚፖᯐɅሾɆȚǷȾ႟ॗǾȼǧ4 ᣜȡ
ǹȔ3ᣜȞ૳ȌȾѨȢ५ȍǾȄȾǾȼ ȐᵂȡѨǿ 4ȗ
ȴȡᣜȞ૳ȌȾȆțɅᇢȎȣȻǷǨțǷǹ৲᜔ǿҤȾǞ
ȐȿɅȵțȞൄ੖ȈȿȒᝌாǿණȡȻǹȝȵȡȚǵȾǞ
ޱӅحɫЗʊҤখɸʪࣰٛ
ȌȬșȡᜨǿ180ࣣశ໘Ț
ǵȾ٠ᜨऻABCDǿ ණᵂȡኝ
औɅ໘ȒȌțȀᵂ٠ᜨऻ
ABCDȢѨȞ܏૳ȌȾǞ
ABᵁCDᵓADᵁBC
ᴾᝌாᴿ
ŹBȡ̶ኝҪ᎐țᵂŹCȡ̶ኝҪ᎐ȡͅླྀɅ IțȊ Iᵂ
Ǿȼ3ᣜAB BᵂC CᵂDȞȐȿȑȿڒ᎐ IP IᵂQ IᵂRɅ
ǽɀȌǞȆȡțȀᵂ
ǊIPBƇǊIQBȚǵȾǾȼᵂBPᵓBQ IᵂP IᵓQ
ǊIQCƇǊIRCȚǵȾǾȼᵂCQᵓCR IᵂQ IᵓR
ȻȖș IᵂP IᵓQ IᵓR ŋƓ
ȆȆȚ AᵂBᵁCDᵓADᵁBCȚǵȾǾȼᵂᣜAD́
ȞAPᵓASțȝȾླྀSɅțȾțᵂླྀSȢDSᵓDRɅ
໘ȒȌǞȆȡླྀSǿླྀ IǾȼᣜADȞ̂ɀȊȒڒ᎐ȡ
ᡍȚǵȾȆțɅᇢȎȣȻǷǞ
Ƿȱᵂླྀ IǾȼᣜADȞ̂ɀȊȒڒ᎐ȡᡍɅzcțȌ
ȾǞȵȊSțzcǿ˻ᓎȊȝǷțȌȿȣᵂ zhhz cǒ
ȱȒȢ zhhz cǑ ȡȜȔȼǾ˻சǿ੖ȽቨȗǞ
ͪȞ zhhz cǒ țȌȾǞ
Ǌ zph cțǊIAPȚ̀࣋சȡ߉ၔɅႣǷȾțᵂ
YYY phzpzh  cc ᵂ
YYY phpwhw  
hwhzzh  cǑ ȚǵȾǾȼᵂ
pwzp Ǒc ŋƔ
֓ൊȞǊ zpk cțǊIDRȚ̀࣋சȡ߉ၔɅႣǷȾțᵂ
YYY pkzpzk  cc ᵂ YYY pkpyky  
kykzzk  cǒ ȚǵȾǾȼᵂ pyzp ǒc ŋƕ
țȆɀǿ ƓᵂȻȽ IP IᵓRȚǵȾǾȼ ƔᵂțƕȢȒǿ
ǷȞᆏᅙȊșǷȾǞȆȿȢ zhhz cǑ Țȵ֓ൊǞȊ
ȒǿȖșᵂ zhhz c ȚȝȄȿȣȝȼȍ SᵂțzcȢ˻
ᓎȌȾǞȱȒƔƕȡऔǿख़ȼȿȒ៉ឋǾȼ Sᵂțzcǿ
˻ᓎȊșǷȾȝȼȣ IP IᵓQ IᵓR IᵓSǿ੖ȽቨȗǾȼᵂ
ȆȡᩤȈɅԺॎțȊ IᵂɅ̒४țȌȾѨǿ٠ᜨऻABCD
Ȟѧ૳ȌȾȆțǿᇢȈȿȒǞ     ᴾፏᴿ
ȆȆȚȢҤౕȾ᪞ȽդߡȞ᜽ᣯȊȒȗȵȽȚǵȾǿᵂ
ߍ᫁ȡ૥ഡȚȢᵂ႟ॗǿǧڒ᎐ȡᡍǿȍȿȾțᵂȜȔ
ȼǾǿᩤȂȝȖșʁʚʤɪǿȂȍȿȾǾȼ ǽᵂǾȊǷǨ
țǷȖȒဋ࿪ȝᜱǷ١ȊȚɠʚɪјΏȞ᝻ாȊȻǹț
ȊșǷȒȆțɅ͠ȄӨǻșǽȀȒǷǞ
ȱȒᵂȆȡᝌாȢᵂ᜔சɅ܉ǻȿȣ Iᵂ Ǿȼ AD Ȟ
̂ɀȊȒڒ᎐ȡᡍɅzcțȌȾțȀ AᵂI AᵂD IᵂDȡᩤ
Ȉǿ஫ᆓȡ࿺ਉȚǵȾǾȼǧᵂ3ᣜȡᩤȈǿ஫ᆓȚǵȾ
̀ᜨऻȞǽǷșᵂڒ᎐ȡᩤȈɅฉȴȾѣڕ׾᭢Ǩȡᐧ
ǻǿΡǻȾțȵᐧǻȼȿȾǞȌȝɂȔᵂ஄ިȚǽǷș
1ණசሥऔȡҘၔɅȌȾȆțȞȻȽ hzzh  c ɅࠌȄ
ȾǞѢΏᄪȞȢᵂණȡȻǹȞȝȾǞ
IP IᵓRᵓr AᵂPᵓa DᵂRᵓdᵂ x czh țǽȂțᵂ
ADᵓ da  ȚǵȾǾȼᵂ
222
222
POPO
POzp Y
xdard
xra
 
 c
ȆȡऔȢxȡ1ණசሥऔȚǵȽᵂᜬȄȣ
xa
xdaada
xdadada
xdadada
xdardxra
 
 
 
 
 
PO
POPO
POPO
POPOPO
222
2
2
2
222
222
222222
țȝȖșᵂ hzzh  c Ʌख़ȾǞ
ȆȆȱȚȡ៉ឋȞȻȽ խᵂ४٠ᜨऻțȢǧᵂ߿ᜨȡ׃
ǿኝȊȂᵂǾȗ߿ᣜȡ׃ǿኝȊǷҢ٠ᜨऻǨȚǵȾț
ǷǹȆțǿɂǾȖȒǞ
3. ཾᛀᅔ゗ᙷࡰ㠕✬
խ४٠ᜨऻȞȗǷșȢᵂණȡȻǹȝᐂȊǷऻȡᬛሾ
ќऔǿᆓȼȿșǷȾǞ
২ऐޱӅحʍ෮ঋۂ߲
٠ᜨऻ ABCDǿխ४٠ᜨऻȚǵȾțȀᵂ a hi ᵂ
b ij ᵂ c jk ᵂ d kh țǽȂț ٠ᵂᜨऻABCD
ȡᬛሾSȢᵂ abcdS  țᚵȈȿȾǞ
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ȆȡќऔɅᝌாȌȾӉȞᵂѨȞѧ૳ȌȾ٠ᜨऻȞǽ
Ƿș੖ȽቨȗණȡќऔɅᇢȌǞ
˨˻˰˂˩ˑƸBrahmaguptaƹʍۂ߲
ѨȞѧ૳ȊșǷȾ٠ᜨऻABCDȞǽǷșᵂ a AB ᵂ
b BC ᵂ c CD ᵂ d DA țǽȂǞȆȡțȀᵂ
2
dcbas  țǽȄȣ ٠ᵂᜨऻABCDȡᬛሾSȢᵂ
PPOOPPOO dscsbsasS  țᚵȈȿȾǞ
ᴾᝌாᴿ
٠ᜨऻABCDǿᩤசऻȚǵȾțȀȢᵂ ca  ᵂ db  
ȓǾȼᵂ bas  țȝȖșᵂ abS  ǿ੖ȽቨȗǞͨ
̂ᵂ٠ᜨऻ ABCD ǿᩤசऻȚȝǷțȌȾțᵂBC ț
ADǿ࣋ᚩȚȝȂ DᵂAȡऄᩤțCBȡऄᩤǿ٧ȡȻǹ
ȞླྀPȚͅɂȾțȊșȵ˻ᓩ঍ɅܞɂȝǷǞ
̶ᜨᅗኝȻȽǊPABƄǊPCDȚǵȾǾȼ PᵂAȡᩤ
ȈᵂPBȡᩤȈᵂ٠ᜨऻABCDȡᬛሾSȞȗǷșᵂ
c
ab
c
a u u PwiOwjwh ŋƓ
c
ad
c
a u u PwhOwkwi ŋƔ
2
22
a
acS u whiǰ ŋƕ
ǿ੖ȽቨȗǞƓƔɅᤎቨசሥऔțȲșᜬȂțᵂ
22 ac
adbca

 POwh ᵂ
22 ac
cdaba

 POwi
Ʌख़ȾǞ
ȆȆȚǊPABȞǽǷșʉʞʤȡќऔɅႣǷȾțᵂ3
ᣜȡ׃ȡԺҪɅtțǽȄȣᵂ
PhiOPwiPOwhOwhi  ttttǰ Țᵂ
PPOO
PPOO
PO
PO
acac
acdbaca
ac
accdabadbcat

 

 
2
2 22
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acdbaca
ac
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2
2 22
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ͨ́țƕȻȽᵂ
4
2
22
224
4
2
22
2
2
PPOO
PPOO
POPO
POPO
POPO
whi
dcbadcba
dcbadcba
a
ac
acac
dcbadcba
dcbadcbaa
a
acS


 
u



 
u ǰ
ȆȆȚᵂ
2
dcbas  țǽȄȣᵂ
PPOPOOPO dscsbsasS  Ʌख़ȾǞᴾ ፏᴿ
խ४٠ᜨऻȞǽǷșȢ dbca   ȚǵȾǾȼ Ȍᵂ
ȝɂȔ bas  ȱȒȢ dcs  țȝȽᵂȆȿɅʇʚ
ʏɡʈɰȡќऔȞᭋණͦїȌȾȆțȞȻȖșᵂᬛሾќ
औ abcdS  ȢȒȓȔȞख़ȼȿȾǞ
औ܉ऻȢ᛬᫟ȓǿᵂᤂ̒Ǿȼ᜔ᤇȊǿᓿȂȝȽᵂᝌ
ாȊȒǷऔȞ֘ǾȖșᭊǿණǠț٢୼ҪᜬȈȿ๺ǻș
ǷȂțȆɀȚ Ȇᵂȡऔ܉ऻȞȢͦ୼ᄪȝᬛᄥȈǿǵȾǞ
ʉʞʤȡќऔȷசȬȀȡ߉ၔțȵ᩵κǿǵȽᵂ᜴ኹᦙ
ȢࠎȝȂȝǷȡȚᵂ˻ᓩᄪȞȢ᯳ಠ 1࣌႟֘ȄțȌȾ
ȡǿᤴҫȚǵɀǹǿᵂ̒޲႟Țȵख़৲ȝ႟ॗȞȢ்ᬘ
ੲɅӿǾȊșΏᯐȊșȵȼǷȒǷќऔȡࠌҤȚǵȾǞ
4. ≙Ṷ࡬ཾᛀᅔ゗ᙷࡰᥘ❄
ǂ૰Ӆʱʡʃ২ऐޱӅحǃ
Φǻȣᵂෂசऻǿխ४٠ᜨऻȚǵȾȆțȢᓋாȚǵ
ȾǿᵂෂசऻȚȝǷᩤசऻȢѧ૳ѨɅીȒȝǷȡȚᵂ
խ४٠ᜨऻțȢȝȽǻȝǷǞȆȡȻǹȝ๘߭Ʌፖșᵂ
Ƿȱᵂխ४٠ᜨऻABCDȞǽǷșᵂ
q   90ki
ȚǵȾȆțɅͪ߉ȊȒțȀᵂȐȡ٠ᜨऻǿȜȡȻǹȝ
h
i
j
k
w a
b
c
d
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٠ᜨऻȚǵȾǾɅᐧǻșȲȾǞ
౑ͭȻȽ ߿ᵂᜨ᎐ACȞȻȖș٠ᜨऻABCDȢ2ȗ
ȡᅖᜨ̀ᜨऻABCțACDȞҪȄȼȿȾǞ a hi ᵂ
b ij ᵂ c jk ᵂ d kh țǽȂțᵂ̀࣋சȡ߉
ၔȻȽᵂ
22222 dcba    hj
ǿ੖ȽቨȗǞȈȼȞ ٠ᵂᜨऻABCDǿѧ૳ѨɅીȗȆ
țǾȼ ኝᵂऔ dbca   ǿ੖ȽቨȖșǷȾǞȐȆȚᵂ
sdbca    țǽȂțᵂ dcƒ ȞͦїȊșᵂ
PO
POPO
020
0222 2
2222
z 
 
 
sbas
sbsas
bsasba
┭ƏƏƏ
Ə
ȆȆǾȼ bas  ǿख़ȼȿȾȡȚ ȌᵂȝɂȔ cb  ᵂ
da  ȚǵȽ ٠ᵂᜨऻABCDȢȒȆऻȚǵȾǞෂசऻ
ȢȒȆऻȡ࿪Ҷȝۂ֏țȵᐧǻȾȆțǿȚȀȾǾȼᵂ
ȆȡȆțǾȼᵂණȡȆțǿࠌǾȿȒțᜱǻȾǞ
૰Ӆʱߡʃ২ऐޱӅح
ᅖᜨɅીȗխ४٠ᜨऻȢᵂȒȆऻȚǵȾǞ
ȱȒ ᅖᵂᜨɅ2ȗȵȗȒȆऻȢ խᵂ४٠ᜨऻȚǵȾǞ
ǂஉփੜحʍ২ऐޱӅحǃ
ȆȆȚȢኝᒅքऻțȊșᵂණȡ౑ͭɅͪ߉ȌȾǞ
٠ᜨऻABCDȞǽǷșᵂ
AD // BCᵂ
q  90Ǒji
ȆȡțȀᵂBAȡऄᩤțCDȡऄᩤțȡͅླྀ PɅᐧ
ǻȾȆțȞȻȽ PᵂBᵓPC PᵂAᵓPDȚǵȾȆțǾȼᵂ
ABᵓCDǿࠌȄȾǞȱȒᵂ q  180ih ȚǵȾ
ȆțǾȼᵂ q  180jh țȝȽ ȌᵂȬșȡኝᒅ
քऻȢѨȞѧ૳ȌȾȆțȵǷǻȾǞȊȒǿȖșᵂණȡ
ȻǹȞȝȾǞ
உփੜحɫ২ऐޱӅحʆɡʪɾʠʍࣰٛ
٠ᜨऻABCDǿAD // BCᵂ q  90Ǒji Ʌ
໘ȒȌțȀᵂ hiijhk 2  ȝȼȣ ٠ᵂᜨऻABCD
Ȣխ४٠ᜨऻȚǵȾǞ
ȈȼȞᵂኝᒅքऻȡѧ૳ѨȞȗǷșគȬșǷȂțᵂ
ණȡȻǹȝȆțǿɂǾȾǞ
ǂஉփੜحʇɾɲحǃ
AD // BCᵂ ji   Țǵ
ȾኝᒅքऻABCDǿѧ૳ѨɅ
ȵȗțȀᵂȐȡѨȡᅖॎȢ࣋
ᚩȝᣜ ADț BCțȡᡗ᫥Ȟ
ኝȊǷǞ
٠ᜨऻ ABCDȡѧ૳Ѩǿ 4ᣜ ABᵂBCᵂCDᵂDA
ț૳ȌȾླྀɅȐȿȑȿP Qᵂ Rᵂ SᵂțǽȂțᵂ߿ሡ঍
ǾȼᵂSQȢᅖॎțȝȽᵂŹSPQᵂŹSRQȢțȵȞᅖ
ᜨțȝȾǞȈȼȞ ǊᵂSPQƇǊSRQȚǵȾǾȼ ٠ᵂᜨ
ऻPQRSȢᅖᜨɅ2ȗȵȗȒȆऻȚǵȽ խᵂ४٠ᜨऻ
țȝȾǞȱȒᵂ q  90ǒhwzy ȚǵȾǾȼ ٠ᵂ
ᜨऻPQRSȡѧ૳Ѩǿ4ᣜSP PᵂQ QᵂR RᵂSț૳Ȍ
Ⱦླྀ kjih cccc ƒƒƒ Ʌፙȩțᵂ٠ᜨऻ kjih cccc Ȣ
ѬȦᩤசऻȚȝǷኝᒅքऻțȝȾᴾȒȓȊ٠ᜨऻ
ABCDțᅗ΅ȚȢȝȂᵂխ४٠ᜨऻțȵ᪞ȼȝǷ Ǟᴿ
ǂ4഻ʍ૫ɴɩʧʒ෮ঋɫ߭োॐડʍ২ऐޱӅحʍແǃ
٠ᜨऻABCDǿAD // BCᵂ q  90Ǒji ȡ
ኝᒅքऻȚǵȽᵂ a  jkhi ᵂ b ij ᵂ d kh
țǽȂțᵂ adb 2  ȚǵȾǾȼᵂ pab  ᵂ
pad  țᚵȌȆțǿȚȀȾǞȆȡțȀᵂӉᣯȡᬛ
ሾќऔɅᤴႣȌȾț 22 paaS  țȝȽᵂ 22 pa 
ǿ࣋ச୼ȝȼȣᵂᬛሾSǿᓋྍ୼țȝȾȆțǿɂǾȾǞ
Ƿȱᵂ dba ƒƒ ɅǷȍȿȵᓋྍ୼țǽȄȣ pᵂȵᓋྍ
୼ȚǵȽᵂ 22 papa ƒƏƒ Ȣʅɰɥʚɪ୼țǷǹ
ȆțȞȝȾǞߍ᫁ȆȿȢ AᵂǾȼBCȞڒ᎐Ʌ̂ɀȊᵂ
ȐȡᡍɅHțȌȿȣᵂǊABHȡ 3ᣜǿȆȡʅɰɥʚ
ɪ୼ȞȝȽᵂխ४٠ᜨऻȡᬛሾќऔǿ੖ȽቨȗȆțǿ
ߍ৷ȚȀȾΦțȝȖșǷȾǞ
5. ௢᚛ࡰㄴ㢱
ᬛሾǿྋၔ୼ȚǵȖșȵᵂኝᒅքऻȚǵȿȣ4ᣜȡ
ᩤȈǿᓋྍ୼Ϩȡխ४٠ᜨऻȢᵂӉᣯȡசแȚྋ୼Ȟ
ൄ੖ȚȀȾǞ˻ ச քᵂऻȚȵȒȆऻȚȵȝǷ٠ᜨऻȚᵂ
4 ᣜȡᩤȈǿᓋྍ୼ϨȚǵȾխ४٠ᜨऻȢᵂసߍᡠȚ
Ȣȱȓ᜔ȗǾȖșǽȼȍᵂީټȌȾȡǾᵂǵȾǷȢީ
ټȊȝǷȆțǿᝌாȚȀȾȡǾȜǹǾᵂ͗॔ȡ᝾᭢ț
ȊȒǷǞ
ཷ⪕᩵⊹
Wolfram MathworldņBicentric PolygonŇ
http://mathworld.wolfram.com/BicentricPolygon.html
ᴾ2015 ᭌᘎᴿ
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'᧮᧮㸬㸱ḟ㛵ᩘࡢᛶ㉁࡜ᛂ⏝
㛵㐃ศ㔝㸸௦ᩘศ㔝
㧗➼ᩘᏛ㸸ᚤศἲ
ᑐ㇟Ꮫᖺ㸸㧗ᰯ㸰ᖺ⏕ 
㛵㐃༢ඖ㸸㸱ḟ㛵ᩘࡢᛶ㉁ 
ᩍ ᮦ ྡ㸸㸱ḟ㛵ᩘࡢᛶ㉁ࢆぢᢤࡃ 
Ӑ㛵ᩘࡀᣢࡘᵝࠎ࡞ᛶ㉁࡟ࡘ࠸࡚⪃ᐹࡍࡿᩍᮦӑ 
 ୰Ꮫ࠿ࡽᏛ⩦ࢆࡍࡿࠕ㸯ḟ㛵ᩘ 㸪ࠖࠕ㸰ḟ㛵ᩘࠖࡢヰ
㢟ࢆ㧗ᰯ࡟࠾࠸࡚ᨵࡵ࡚ྲྀࡾୖࡆࡿࡇ࡜ࡣከ࠸ࠋ┤⥺
࡜ᨺ≀⥺ࡢ㛵ಀ࡟ὀ┠ࡍࡿၥ㢟ࡸ㸪ᅗᙧ࡜᪉⛬ᘧ࡞࡝
࡛ᢅ࠺᥋⥺ࡢၥ㢟㸪ᚤ✚ศ࡞࡝ࡢၥ㢟࡞࡝ከᒱ࡟Ώࡗ
࡚ᢅࢃࢀࡿࠋࡇࡇ࡛ࡣ㸪㧗ᰯ㸰ᖺ⏕࡛ึࡵ࡚Ⓩሙࡍࡿ
ࠕ㸱ḟ㛵ᩘࠖ࡟ࡘ࠸࡚㸪୰㧗࡛Ꮫ⩦ࡍࡿ㸯ḟ㛵ᩘࡸ㸰
ḟ㛵ᩘࢆ⏝࠸࡚ᛶ㉁ࢆ⪃ᐹࡋ㸪㸱ḟᘧࡢᅗᙧⓗ࡞ព࿡
ࡸ㸪㸱ḟ㛵ᩘࢆ≉ᚩ࡙ࡅࡿせ⣲࡟ࡘ࠸࡚Ꮫࡪᩍᮦࢆ⤂
௓ࡍࡿࠋ㐣ཤ࡟Ⓨ⾲ࡋࡓᮏᰯ㛤Ⓨᩍᮦ㞟ࡢ୰࡛ࡶከࡃ
ᢅࢃࢀ࡚࠸ࡿࠗ㛵ᩘ࠘࡟ࡘ࠸࡚ࡢᩍᮦࢆᇶ♏࡟ࡋࡓ㸪
ࡉࡽ࡟Ⓨᒎⓗ࡞ෆᐜ࡜࡞ࡿࠋ 
 㸱ḟ㛵ᩘࡢࢢࣛࣇ࡟ࡘ࠸࡚㸪ࡶࡗ࡜ࡶ኱ࡁ࡞≉ᚩ࡜
ࡋ࡚ᣲࡆࡽࢀࡿ㸪Ⅼᑐ⛠ᛶ࡟ὀ┠ࡋ㸪ᗄఱⓗ࡞࢔ࣉࣟ
࣮ࢳ࠿ࡽၥ㢟ࢆゎࡃࡇ࡜࡛㸪㸱ḟ㛵ᩘࡢᛶ㉁ࢆぢᢤࡃ
ຊࢆ㣴࠺ࡇ࡜ࢆ┠ᶆ࡜ࡍࡿࠋ 
 ࡞࠾㸪ᣦᑟᑐ㇟࡜࡞ࡿ㧗ᰯ㸰ᖺ⏕ࡣᮏᰯࡢᩍᮦ㞟࡛
ᢅࢃࢀ࡚࠸ࡿࡼ࠺࡞࢝ࣂ࢚ࣜࣜࡢἲ๎ࡸ㸪㸰ḟ㛵ᩘࡢ
㠃✚ࡢᛶ㉁㸪㛵ᩘࡢ࿴࡜ᕪ࡞࡝ࡢᩍᮦࡀ᪤⩦࡛࠶ࡿࡇ
࡜ࢆ௜グࡋ࡚࠾ࡃࠋ 

㸫㸬㸱ḟ㛵ᩘࡢⅬᑐ⛠ᛶ
 㸱ḟ㛵  ᩘ ݂ሺݔሻ ൌ ܽݔଷ ൅ ܾݔଶ ൅ ܿݔ ൅ ݀ ࡣ㸪ࡲࡎࡣ
㸯ᅇᚤศࢆࡋ࡚㸪ᴟ኱್㸪ᴟᑠ್ࢆồࡵ㸪ቑῶ⾲ࢆస
ࡾ㸪ࢢࣛࣇࢆᥥࡃ࡜࠸࠺ᡭ㡰ࡀ୍⯡ⓗ࡞ゎᯒࡢ᪉ἲ࡛
࠶ࡿࠋࡶࡕࢁࢇ㸪࠶ࡿⅬ࡟࠾࠸࡚Ⅼᑐ⛠࡛ࡣ࠶ࡿࡢࡔ
ࡀ㸪ኚ᭤Ⅼ࡟ࡘ࠸࡚ࡢ㆟ㄽࡣ㸰ᅇᚤศࡀᚲせ࡜࡞ࡿࡢ
࡛㸪ᩘᏛϩ࡛ᢅ࠺ࡇ࡜ࡣ࡛ࡁ࡞࠸ࠋࡋ࠿ࡋ㸪Ⅼᑐ⛠ࡢ
ᇶ‽࡜࡞ࡿⅬࢆ௨ୗࡢࡼ࠺࡟ࡋ࡚⪃࠼ࡿࡇ࡜࡛㸪㸱ḟ
㛵ᩘࡢᛶ㉁ࢆぢࡿࡇ࡜ࡀྍ⬟࡜࡞ࡿࠋ 
 ࡲࡓ㸪Ⅼᑐ⛠ᛶࢆ⏝࠸ࡓ㸱ḟ㛵ᩘࡢᛶ㉁࡜ࡋ࡚ࡼࡃ
ᢅࢃࢀࡿ㸲➼ศᛶࡸ㸪ᴟ್ࢆ࡜ࡿⅬ࡟࠾ࡅࡿ᥋⥺ࡢ฼
⏝ࡶᐇ㝿ࡢᤵᴗ࡛ࡣᢅࡗࡓࠋࡲࡓ㸪᥋⥺ࡢᑟฟࡸᚤศ
ἲࡶࡍ࡭࡚᪤⩦ࡢẁ㝵࡛ࡇࡢ㢟ᮦࢆᢅࡗࡓࡢ࡛㸪࡛ࡁ
ࡿࡔࡅᚤศࢆࡋ࡞࠸࡛㸱ḟ㛵ᩘࡢゎᯒࡣ࡛ࡁ࡞࠸࠿㸪
࡜࠸࠺ၥ࠸࠿ࡅࢆࡍࡿࡇ࡜ࢆᚰ᥃ࡅࡓࠋ 
 
㸫㸬࢟ ൌ ࢇ࢞૜ࡢࢢࣛࣇ࡜┤⥺ 
 㸰ḟ㛵ᩘ࡟࠾࠸࡚㸪ࡶࡗ࡜ࡶᇶᮏ࡜࡞ࡿࢢࣛࣇࡣཎ
Ⅼࡀ㡬Ⅼ࡜࡞ࡿ ݕ ൌ ܽݔଶ ࡛࠶ࡿࠋࡍ࡭࡚ࡢ㸰ḟ㛵ᩘ
ࡣࡇࡢࢢࣛࣇࢆᖹ⾜⛣ືࡋࡓࡶࡢ࡛࠶ࡾ㸪࠿ࡘ㸪┦ఝ
࡛࠶ࡿࡇ࡜ࡣゝ࠺ࡲ࡛ࡶ࡞࠸ࠋゝ࠸᥮࠼ࡿ࡜ࡍ࡭࡚ࡢ
㸰ḟ㛵ᩘࡢᇶ‽࡜࡞ࡿ㛵ᩘࡣ ݕ ൌ ܽݔଶ ࡛࠶ࡿࠋࡲࡓ㸪
ࡇࡢࢢࣛࣇࡣ ݕ ㍈࡟ࡘ࠸࡚⥺ᑐ⛠࡛࠶ࡾ㸪ࡑࡢᛶ㉁
ࡣᨺ≀⥺ࡢ኱ࡁ࡞≉ᚩ࡜ࡋ࡚ᢅ࠺ࡇ࡜࡜࡞ࡿࠋ 
ࡑࡇ࡛㸪ྠ ᵝ࡟㸪㸱ḟ㛵ᩘ࡛࠶ࢀࡤ㸪ݕ ൌ ܽݔଷ ࢆᇶ
‽࡟ࡋࡓ࠸࡜⪃࠼ࡓ࠸࡜ࡇࢁ࡛ࡣ࠶ࡿࡀ㸪ṧᛕ࡞ࡀࡽ
㸰ḟ㛵ᩘࡢࡼ࠺࡞┦ఝᛶࢆࡶࡗ࡚࠸࡞࠸ࠋཎⅬ࡟࠾࠸
࡚Ⅼᑐ⛠࡛࠶ࡿࡇ࡜ࡣ᫂ࡽ࠿࡛࠶ࡿࡀ㸪ࡍ࡭࡚ࡢ㸱ḟ
㛵ᩘࡣࡇࡢࢢࣛࣇࢆᖹ⾜⛣ືࡋࡓࡶࡢ࡛ࡣ࡞࠸ࠋࡑࡇ
࡛㸪ݕ ൌ ܽݔଷ ࡜㸪ݕ ൌ ܿݔ ࡢࢢࣛࣇࡢ఩⨨㛵ಀࢆ⪃࠼㸪
㸱ḟ㛵ᩘ࡜㸯ḟ㛵ᩘࡢᕪࢆ࡜ࡗࡓ㛵ᩘ㸪ݕ ൌ ܽݔଷ െ ܿݔ
ࡢࢢࣛࣇ࡟ࡘ࠸࡚⪃ᐹࡍࡿࠋ 
 
 
 
ᅗࡢࡼ࠺࡟㸪Ⅼᑐ⛠ࡢ㛵 㸦ᩘወ㛵ᩘ㸧ࡢᕪ࡟࡞ࡿࡢ࡛㸪
ࡑࡢᑐ⛠ᛶࡣ⥔ᣢࡉࢀ࡚㸪᪂ࡓ࡞㛵ᩘࡣཎⅬᑐ⛠ࡢࢢ
ࣛࣇ࡜࡞ࡾ㸪ࡑࡢᴟ್ࢆ࡜ࡿⅬ࡜࠸࠺ࡢࡣ㸪ݕ ൌ ܿݔ࡜
ྠࡌഴࡁࢆᣢࡘ ݕ ൌ ܽݔଷ ࡢ᥋⥺ࡢ᥋Ⅼࡢ ݔ ᗙᶆ࡟
୍⮴ࡋ࡚࠸ࡿࠋࡑࢀࡣࢢࣛࣇࡢ఩⨨㛵ಀࢆぢࢀࡤ᫂ࡽ
࠿࡛㸪ݕ ൌ ܽݔଷ െ ܿݔ ࡢᴟ್ࡣ ݔ ൌ േට ௖ଷ௔ ࡢ ݕ ᗙᶆ
࡛࠶ࡾ㸪ࡑࡢ್ࡣ㸪ݔ ൌ േට ௖ଷ௔ ࡟࠾ࡅࡿ ݕ ൌ ܿݔ ࡜ 
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ݕ ൌ ܽݔଷ ࡢᕪ࡟࡞ࡗ࡚࠸ࡿࠋࡇࡢ㛵ಀࡣ㸪㸰ḟ㛵ᩘ࡜
㸯ḟ㛵ᩘࡢᕪࡢ㛵ಀ࡛ࡶྠᵝࡢࡇ࡜ࡀࢃ࠿ࡾ㸪ࡓ࡜࠼
ࡤ㸪ݕ ൌ ܽݔଶ െ ܿݔ ࡜ࡍࡿ࡜㸪ݕ ൌ ܽݔଶ ࡜ݕ ൌ ܿݔ ࡢ஺
Ⅼࡢ ݔ ᗙᶆࡣ㸪ݔ ൌ Ͳǡ ௖௔ ࡜࡞ࡾ㸪ࡑࡢ୰Ⅼ ݔ ൌ
௖
ଶ௔
ࡀࡕࡻ࠺࡝ ݕ ൌ ܽݔଶ െ ܿݔ ࡢ㡬Ⅼࡢ ݔ ᗙᶆ࡛࠶ࡿࠋ
ࡑࡋ࡚㸪୰Ⅼ ݔ ൌ ௖ଶ௔ ࡟࠾ࡅࡿ㸪ݕ ൌ ܽݔ
ଶ ࡢ᥋⥺ࡣ 
ݕ ൌ ܿݔ ࡜ഴࡁࡀྠࡌ࡜࡞ࡾ㸪ඛ࡯࡝㏙࡭ࡓ㸱ḟ㛵ᩘ
ࡢሙྜ࡜ྠᵝࡢ㛵ಀࡀぢࡿࡇ࡜ࡀ࡛ࡁࡿࠋ 
 
 
 
 ࡇࡇ࡛⯆࿡῝࠸ࡢࡣ㸰ḟ㛵ᩘࡢሙྜࡶ㸱ḟ㛵ᩘࡢሙ
ྜࡶ㸪ᕪࢆ࡜ࡗࡓ㸯ḟ㛵ᩘ࡜ഴࡁࡀྠࡌ᥋⥺ࡢ ݕ ษ
∦ࡣᴟ್࡟୍⮴ࡋ࡚࠸ࡿࡇ࡜࡛㸪ࡇࢀࡶ⌮⏤ࡣᅗࡼࡾ
᫂ࡽ࠿࡛࠶ࡿࠋࡇࡢࡼ࠺࡞ᛶ㉁ࢆ⪃࠼ࡿࡇ࡜࡛㸱ḟ㛵
ᩘࡢᵝࠎ࡞ၥ㢟࡟ࡘ࠸࡚㸪ᚤศ࡟㢗ࡽ࡞࠸ゎἲࡀ⏕ᚐ
࠿ࡽᥦ᱌ࡉࢀࡓࠋ 
 
ၥ㢟 
㛵  ᩘ ݕ ൌ ݔଷ െ ͳʹݔࡢᴟᑠ್࡜ࡑࡢ࡜ࡁࡢ ݔ ࡢ್ࢆ
ồࡵࡼ㸬 
 
 ࡶࡕࢁࢇࡇࡢ㛵ᩘࢆᚤศࡍࡿࡇ࡜࡛ᴟ್ࢆฟࡍࡇ࡜
ࡀ࡛ࡁࡿࡢࡔࡀ㸪ݕ ൌ ݔଷ ࡜㸪ݕ ൌ ͳʹݔ ࡢࢢࣛࣇࢆ⪃
࠼ࡿࡇ࡜࡛ᴟ್ࢆᑟࡁฟࡍࠋഴࡁࡀ 12࡟࡞ࡿݕ ൌ ݔଷ 
ࡢ᥋⥺ࡢ ݔ ᗙᶆࡣ ݔ ൌ േʹ ࡛࠶ࡿࠋࡋࡓࡀࡗ࡚㸪ồ
ࡵࡿ㛵ᩘࡢᴟᑠ್ࢆ୚࠼ࡿ ݔ ᗙᶆࡣݔ ൌ ʹ ࡛࠶ࡾ㸪
ᴟᑠ್ࡣ ʹଷ െ ʹͶ ൌ െͳ͸ ࡛࠶ࡿࠋ 
 
㸬㸱ḟ㛵ᩘࡢⅬᑐ⛠ᛶ࡜ࡑࡢᛂ⏝ 
ࡇࡇ࡛௵ពࡢ㸱ḟ㛵ᩘ  ൌ ܽݔଷ ൅ ܾݔଶ ൅ ܿݔ ൅ ݀ 
࡟ࡘ࠸࡚㸪ࡑࡢኚ᭤Ⅼࢆ࡜ࡿ ݔ ᗙᶆࢆ㸱ḟ㛵ᩘࡢⅬ
ᑐ⛠ᛶ࠿ࡽ㸪Ⅼᑐ⛠ࡢ୰ᚰⅬ࡜࿧ࡪࡇ࡜࡟ࡍࡿࠋࡑࡇ
࡛㸪ࡑࡢ୰ᚰⅬࡣ⡆༢࡞ィ⟬࠿ࡽ㸪ݔ ᗙᶆࡀ  
ݔ ൌ െ ܾ͵࣭࣭ܽ 㸦࣭ͤ㸧 
࡜⾲ࡉࢀࡿࠋࡍ࡞ࢃࡕ㸪ࡍ࡭࡚ࡢ㸱ḟ㛵ᩘࡣࡇࡢ୰ᚰ
Ⅼࢆᖹ⾜⛣ືࡋࡓࡶࡢ࡛࠶ࡾ㸪㸰ḟ㛵ᩘ࡜ྠᵝ࡟┦ఝ
ᣑ኱ࡋࡓࡶࡢ࡜⪃࠼ࡿࡇ࡜ࡀ࡛ࡁࡿࠋࡋࡓࡀࡗ࡚㸪ཎ
Ⅼᑐ⛠࡛࠶ࡿ㛵ᩘ㸪ݕ ൌ ܽݔଷ െ ܿݔ ࢆᖹ⾜⛣ືࡍࡿࡇ
࡜࡛ࡍ࡭࡚ࡢ㸱ḟ㛵ᩘࢆỴᐃࡍࡿࡇ࡜ࡀ࡛ࡁࡿࡢ࡛࠶
ࡿࠋࡑࡢࡼ࠺࡟⪃࠼࡚ḟࡢࡼ࠺࡞ၥ㢟ࢆྲྀࡾ⤌ࡴࠋ 
 
ၥ㢟 
㛵  ᩘ ݕ ൌ ʹݔଷ ൅ ͻݔଶ െ ͵ݔ െ ͹ ࡀݔ ൌ ߙ ࡛ᴟ኱್ M
ࢆ࡜ࡾ㸪ݔ ൌ ߚ ࡛ᴟᑠ  ್ m ࢆ࡜ࡿ࡜ࡁ㸪ߚ െ ߙ ࡢ್
࡜ M㸫m ࡢ್ࢆồࡵࡼ㸬 
 
 ࡇࡕࡽࡣ㸪ᚤศἲࢆᏛ⩦ࡍࡿ㝿࡟㢖ฟࡍࡿၥ㢟ࡢ୍ࡘ
࡛㸪ᐃ✚ศ࠿ࡽồࡵࡿゎἲࡸ㸪ᚤศࡋࡓᘧ࠿ࡽᑟฟࡍ
ࡿ 2 ḟ᪉⛬ᘧࡢゎ࡜ಀᩘࡢ㛵ಀ࠿ࡽồࡵࡿᡭἲ࡞࡝㸪
ከࡃࡢࡇ࡜ࢆᏛࡪࡇ࡜ࡀ࡛ࡁࡿၥ㢟࡜ࡋ࡚᭷ྡ࡛࠶ࡿࠋ
ࡋ࠿ࡋ㸪ࡇࡢၥ㢟ࡶ⏕ᚐ࠿ࡽᚤศࡢ౑࠸᪉ࢆᕤኵࡋ࡚
ィ⟬㔞ࢆᅽಽⓗ࡟ῶࡽࡋࡓゎἲࡀᥦ᱌ࡉࢀࡓࠋ 
 ࡑࡢ᪉ἲࡣ㸪୚࠼ࡽࢀࡓ㛵ᩘࢆࡑࡢࡲࡲ⪃࠼ࡿࡢ࡛
ࡣ࡞ࡃ㸪ඛ㏙ࡢ㛵ᩘ㸪ݕ ൌ ܽݔଷ െ ܿݔ ࡟ᖹ⾜⛣ືࡍࡿ࡜
࠸࠺᪉ἲ࡛࠶ࡿࠋ 
㸦ゎ㸧ࡇࡢ㸱ḟ㛵ᩘࡢⅬᑐ⛠ࡢ୰ᚰࡣ ݔ ൌ െଷଶ ࡛࠶
ࡿࡇ࡜࠿ࡽ㸪ࡑࡢᗙᶆࡣቀെ ଷଶ ǡ ͳͳቁ࡛࠶ࡿ࠿ࡽ㸪 ݔ ㍈
᪉ྥ࡟ ൅ଷଶ,  ݕ㍈᪉ྥ࡟ െͳͳ ᖹ⾜⛣ືࡍࡿ࡜㸪 
ݕ ൌ ʹ൬ݔ െ ͵ʹ൰
ଷ
൅ ͻ ൬ݔ െ ͵ʹ൰
ଶ
െ ͵ ൬ݔ െ ͵ʹ൰ െ ͳͺ 
୍ぢ኱ኚࡑ࠺࡞ィ⟬࡛ࡣ࠶ࡿࡀ㸪⤖ᯝࡣᐃᩘ㡯࡜㸰ḟ
ࡢ㡯ࡢಀᩘࡣ㸮࡛࠶ࡿ࠿ࡽ㸪㸯ḟࡢ㡯ࡢࡳࡢಀᩘࢆィ
⟬ࡍࢀࡤࡼࡃ㸪 
ݕ ൌ ʹݔଷ െ ͵͵ʹ ݔ 
࡜࡞ࡿࠋ 
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
ࡇࡢ㸱ḟ㛵ᩘࡢᴟ್ࢆ࡜ࡿᗙᶆࡣ࡛㸪ݕ ൌ ʹݔଷ ࡜㸪ݕ ൌ
ଷଷ
ଶ ݔ ࡢࢢࣛࣇࡢ㛵ಀࢆ⪃࠼࡚㸪ݕ ൌ ʹݔ
ଷ ࡢ᥋⥺ࡢഴ
ࡁࡀ ଷଷଶ  ࡜࡞ࡿࡼ࠺࡞ ݔ ᗙᶆࢆ⪃࠼ࢀࡤࡼࡃ㸪 
ݔ ൌ േξͳͳʹ  
ࡢ࡜ࡁ࡜ࢃ࠿ࡿࠋࡋࡓࡀࡗ࡚ồࡵࡿ್ࡣ㸪 
ߚ െ ߙ ൌ ξͳͳ 
࡛࠶ࡿࠋࡲࡓᴟ್ࡢᕪࡣ㸪ݕ ൌ ʹݔଷ ࡢݔ ൌ േξଵଵଶ  
࡟࠾ࡅࡿ᥋⥺ࡢ ݕ ษ∦ࡢᕪࢆ⪃࠼ࢀࡤࡼࡃ㸪᥋⥺ࡢ
᪉⛬ᘧࡀ 
 ൌ ͵͵ʹ ݔ േ
ͳͳξͳͳ
ʹ  
ࡼࡾ㸪െ ൌ ͳͳξͳͳ ࡛࠶ࡿࠋ 
 
 
 
ࡇࡇ࡛㸪ࡇࡢ⤖ᯝ࡟ὀ┠ࡍ࡭ࡁࡣ㸪᥋⥺ࡢ ݕ ษ∦ࡀࡑ
ࡢࡲࡲᴟ኱್࣭ᴟᑠ್࡟୍⮴ࡋ࡚࠸ࡿࡇ࡜ࡀ⯆࿡῝࠸
⤖ᯝ࡛࠶ࡿࠋࡇࢀࡣ㸪㛵ᩘࡢᕪࢆ⪃࠼࡚࠸ࡿࡓࡵ࡛㸪
ඛ㏙ࡢ 㸫 ࡛ᢅࡗࡓࡇ࡜ࡀ᰿ᣐ࡜࡞ࡗ࡚࠸ࡿࠋࡋࡓ
ࡀࡗ࡚↹ࢃࡋ࠸㸱ḟᘧࡢィ⟬ࢆࡍࡿࡇ࡜࡞ࡃᴟ್ࢆồ
ࡵࡿࡇ࡜ࡶ࡛ࡁࡿࠋ
 ࡲࡓ㸪ݔ ൌ േξଵଵଶ ࡣݕ ൌ ʹݔ
ଷ ൅ ͻݔଶ െ ͵ݔ െ ͹ ࡢ
ݕᇱ ൌ ͸ݔଶ ൅ ͳͺݔ െ ͵ ࡛ݕᇱ ൌ Ͳࢆゎ࠸ࡓ࡜ࡁ࡟ฟ࡚
ࡃࡿ㸪ゎࡢබᘧࡢ↓⌮ᩘࡢ㒊ศ࡛࠶ࡾ㸪ࡇࡢ
ݕᇱ ൌ ͸ݔଶ ൅ ͳͺݔ െ ͵
ࢆ㸰ḟ㛵ᩘ࡛ࡳࡓ࡜ࡁ࡟ݔ ㍈࡜஺ࢃࡿⅬ࡛࠶ࡿࡇ࡜
ࡀࢃ࠿ࡿࡢ࡛㸪ࡇࡢ㸰ḟ㛵ᩘࡢ㍈ࢆ୚࠼ࡿݔ ᗙᶆࡀ㸱
ḟ㛵ᩘࡢⅬᑐ⛠ࡢ୰ᚰ࡜࡞ࡗ࡚࠸ࡿࡇ࡜ࡶࢃ࠿ࡿࠋ 
 
 ࡇࡢࡼ࠺࡟ࡇࡢၥ㢟࡛ࡣฟ࡚ࡁࡓ⤖ᯝࢆ═ࡵ࡚࠸ࢁ
࠸ࢁ࡞࢔ࣉ࣮ࣟࢳ࡛㸱ḟ㛵ᩘࡢᛶ㉁ࢆᇉ㛫ぢࡿࡇ࡜ࡀ
࡛ࡁࡓࠋ
 
㸬㸱ḟ㛵ᩘỴᐃၥ㢟࡬ࡢᛂ⏝ 
 
ၥ㢟 
 ݔ ൌ ͳ ࡛ᴟ኱್6ࢆ࡜ࡾ㸪ݔ ൌ ʹ ࡛ᴟᑠ್5ࢆ࡜ࡿ
3ḟ㛵ᩘࢆồࡵࡼ. 
 
 㧗ᰯ㸰ᖺ⏕࡛ᚤศἲࢆྲྀࡾ⤌ࡴ㝿࡟㸪࡜࡚ࡶࡼࡃฟ
㢟ࡉࢀࡿ඾ᆺⓗ࡞ၥ㢟࡛㸪୍⯡ⓗ࡟ࡣᴟ್ࢆ࡜ࡿ᮲௳
࠿ࡽ݂Ԣሺݔሻ ࢆィ⟬ࡋ㸪㐃❧᪉⛬ᘧࢆ⏝࠸࡚ィ⟬ࡍࡿゎ
ἲࡀ࠶ࡿࠋࡋ࠿ࡋ㸪ࡍ࡭࡚ࡢ㸱ḟ㛵ᩘࡣୖグࡢወ㛵ᩘ
ࡢᖹ⾜⛣ື࡜ᣑ኱࡛⪃࠼ࡿࡇ࡜ࡀ࡛ࡁࡿࠋᚤศࢆ౑ࢃ
ࡎ㸪᭱ ࡶᇶᮏⓗ࡞㸱ḟ㛵ᩘ࡜ࡋ࡚㸪ݕ ൌ ܽݔଷ െ ܿݔ ࢆ⏝
࠸ࡓゎἲࢆ⤂௓ࡍࡿࠋࡇࡕࡽࡶ⏕ᚐ࠿ࡽᥦ᱌ࡉࢀࡓゎ
ἲ࡛࠶ࡿࠋ 
 
 㸦ゎ㸧ࡲࡎ㸪ồࡵࡿᴟ್ࢆ࡜ࡿ ݔ ᗙᶆ࡜ ݕ ᗙᶆࡢ
ᕪࡀࡑࢀࡒࢀ1࡛࠶ࡿࡇ࡜࡟ὀ┠ࡍࡿࠋ 
 ࡑࡇ࡛㸪ݕ ൌ ݔଷࡢ㛵ᩘ࡜ཎⅬࢆ㏻ࡿ┤⥺ࡢ㛵ᩘࡢᕪ
ࢆ⪃࠼࡚ᴟ್ࢆ࡜ࡿݔ ᗙᶆࡢᕪࡀ1࡜࡞ࡿࡶࡢࢆసࡿ
ࡇ࡜ࢆ⪃࠼ࡿࠋࡍ࡞ࢃࡕ㸪ወ㛵  ᩘ ݕ ൌ ݔଷ െ ܿݔ ࢆ⪃࠼
࡚㸪ݔ ൌ േଵଶ ࡟࠾࠸࡚ᴟ್ࢆ࡜ࡿࡼ࠺࡞㛵ᩘࢆసࢀࡤ
ࡼ࠸ࠋ 
 ࡇࢀࡲ࡛ࡢၥ㢟࡜ࡣ㏫࡟⪃࠼ࢀࡤ㸪ݕᇱ ൌ ͵ݔଶ ࡼࡾ㸪
ഴࡁࡀ ଷସ ࡛࠶ࡿཎⅬࢆ㏻ࡿ┤⥺ ݕ ൌ
ଷ
ସ ݔ  ࡛ ݕ ൌ ݔ
ଷ
࠿ࡽᕪࢆ࡜ࡗࡓ㛵ᩘ㸪ࡍ࡞ࢃࡕ㸪 
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ݕ ൌ ݔଷ െ ͵Ͷݔ 
ࢆ⪃࠼ࢀࡤࡼ࠸ࠋࡍࡿ࡜㸪ࢢࣛࣇࡣ௨ୗࡢࡼ࠺࡟࡞ࡿࠋ 
 
 
 
ࢢࣛࣇࡼࡾ㸪ݔ ᗙᶆࡢᕪࡀ1࡛࠶ࡿࡀ㸪ݕ ᗙᶆࡢᕪࡣ 
ଵ
ଶ ࡜࡞ࡿࠋࡑࡇ࡛㸪ࡇࡢ㛵ᩘࡣཎⅬᑐ⛠࡛࠶ࡿ࠿ࡽ㸪
ݕ ㍈᪉ྥ࡟ 2 ಸ࡟┦ఝᣑ኱ࡍࢀࡤݕ ᗙᶆࡢᕪࡣ 1 ࡜
࡞ࡿࠋࡑࡢ㛵ᩘࡣ 
ݕ ൌ ʹ൬ݔଷ െ ͵Ͷݔ൰ 
࡛࠶ࡾ㸪ࢢࣛࣇࡣḟࡢࡼ࠺࡟࡞ࡿࠋ 
 

ࡲࡓ㸪㢟ពࡼࡾ㸦ᴟ኱࡜ᴟᑠࡢᖹᆒࡀⅬᑐ⛠ࡢ୰ᚰ࡜
࡞ࡿ㸧㸪ồࡵࡿ㛵ᩘࡢⅬᑐ⛠ࡢ୰ᚰࡣቀଷଶ ǡ
ଵଵ
ଶ ቁ࡛࠶ࡿ
ࡇ࡜࠿ࡽ㸪ݕ ൌ ʹ ቀݔଷ െ ଷସ ݔቁࢆݔ ㍈᪉ྥ൅
ଷ
ଶ࡟ݕ ㍈᪉ྥ
࡟൅ଵଵଶ  ࡔࡅᖹ⾜⛣ືࡍࢀࡤࡼࡃ㸪ồࡵࡿ㛵ᩘࡣ㸪 
ݕ ൌ ʹቌ൬ݔ െ ͵ʹ൰
ଷ
െ ͵Ͷ ൬ݔ െ
͵
ʹ൰ቍ ൅
ͳͳ
ʹ ࣭࣭ ሺ࣭ͤ ሻͤ 
࡜࡞ࡿࠋ 
 
࡜ࡇࢁ࡛㸪(ͤ )ͤࡢᘧࢆィ⟬ࡍࡿ࡜㸪 
ݕ ൌ ʹݔଷ െ ͻݔଶ ൅ ͳʹݔ ൅ ͳ 
࡜࡞ࡿࠋࡇࡇ࡛㸪㏫ࡢ᧯సࢆ⪃࠼࡚ࡳࡿ࡜㸪㸰ḟ㛵ᩘ
࡟࠾ࡅࡿᖹ᪉᏶ᡂࡢᘧኚᙧ࡜ࡼࡃఝ࡚࠸ࡿࡇ࡜ࡀࢃ࠿
ࡿࠋ㸱ḟࡢሙྜ㸪Ⅼᑐ⛠ࡢ୰ᚰࢆཎⅬ࡟ᖹ⾜⛣ືࡍࡿ
ኚᙧࢆ⪃࠼ࡿ㝿㸪ࠕ㸰ḟࡢ㡯࡜ᐃᩘ㡯ࢆ㸮࡟ࡍࡿ ࠖࡇ࡜
ࡀ࡛ࡁࢀࡤࡼ࠸࡜࠸࠺ࡇ࡜࡟Ẽࡀ௜ࡃࠋࡋࡓࡀࡗ࡚㸪
㸰ḟಀᩘࡀ㸮࡟࡞ࢀࡤ㸪㸱ḟ㛵ᩘࡣᖹ⾜⛣ືࡋ㸪ݕ ㍈
ୖ࡟Ⅼᑐ⛠ࡢ୰ᚰࡀ᮶࡚࠸ࡿࡇ࡜ࡀࢃ࠿ࡿࠋ 
 ࡍ࡞ࢃࡕ㸪 
݂ሺݔሻ ൌ ܽݔଷ ൅ ܾݔଶ ൅ ܿݔ ൅ ݀ 
࠿ࡽᖹ⾜⛣ືࡋࡓ㛵ᩘ㸪
݂ሺݔ െ ߙሻ ൌ ܽሺݔ െ ߙሻଷ ൅ ܾሺݔ െ ߙሻଶ ൅ ܿሺݔ െ ߙሻ ൅ ݀ 
ࢆィ⟬ࡋ㸪㸰ḟࡢ㡯ࡀ㸮࡟࡞ࡿࡼ࠺࡟ Ƚ ࢆỴࡵࢀࡤ
ࡼ࠸ࠋࡋࡓࡀࡗ࡚㸪ࡇࡢ࡜ࡁࡢ Ƚ ࡣ 
Ƚ ൌ ܾ͵ܽ 
࡛࠶ࡿ࠿ࡽ㸪݂ሺݔሻ ࡢⅬᑐ⛠ࡢ୰ᚰࡣ㸪
ݔ ൌ െ ܾ͵ܽ 
࡜࠸࠺ ݔ ᗙᶆ࡜࡞ࡿࠋࡇࢀࡀ๓❶࡟࠶ࡿ( )ͤ࡟ࡘ࠸࡚
ࡢㄽド࡜࡞ࡿࠋ 
 ࡇࡢၥ㢟࡟ࡘ࠸࡚ࡶ㸪ࡓࡔࡢィ⟬ၥ㢟࡛ࡣ࡞ࡃ㸪㸱
ḟ㛵ᩘࡢᛶ㉁ࢆ῝ࡃ⪃ᐹࡀ࡛ࡁ㸪ཎⅬᑐ⛠ࡢ㸱ḟ㛵ᩘ
ࢆ౑ࡗ࡚⪃࠼ࢀࡤ࡝ࡢࡼ࠺࡞㸱ḟ㛵ᩘࡶ┦ఝᣑ኱࡛㛵
ᩘỴᐃࡀ࡛ࡁࡿ࡜࠸࠺⤖ᯝ࡟࡞ࡗ࡚࠸ࡿࠋ 
 
 
㸬᥋⥺࡬ࡢᛂ⏝ 
 ᮏᰯ㛤Ⓨᩍᮦ㞟㸪ࠕd3 㸰ḟ㛵ᩘࡢ᥋⥺ࠖ࡟࠾࠸࡚⤂
௓ࡉࢀ࡚࠸ࡿࡼ࠺࡟㸪㸰ḟ㛵ᩘࡢ᥋⥺ࡣ㐃❧᪉⛬ᘧࡢ
㔜ゎ᮲௳ࢆ౑࠺ࡇ࡜࡛௨ୗࡢࡼ࠺࡟ồࡵࡿࡇ࡜ࡀ࡛ࡁ
ࡿࠋ 
ۻ㸰ḟ㛵ᩘ ݂ሺݔሻ ൌ ܽݔଶ ൅ ܾݔ ൅ ܿ ࡢݔ ൌ ߙ ࡟࠾ࡅ
ࡿ᥋⥺ࡣ㸪ồࡵࡿ┤⥺ࢆ ݕ ൌ ݃ሺݔሻ ࡜࠾ࡃ࡜㸪 
ݕ ൌ ݂ሺݔሻ ࡜ࡢ㐃❧᪉⛬ᘧࡢゎࡀݔ ൌ ߙ ࡛㔜ゎ࡛࠶ࡿ
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ࡇ࡜࠿ࡽ㸪݂ሺݔሻ െ ݃ሺݔሻ ൌ ܽሺݔ െ ߙሻଶ ࡛࠶ࡿࠋ 
ᚑࡗ࡚ồࡵࡿ┤⥺ࡢ᪉⛬ᘧࡣ 
ݕ ൌ ݃ሺݔሻ ൌ ܽݔଶ ൅ ܾݔ ൅ ܿ െ ܽሺݔ െ ߙሻଶ 
࡛࠶ࡿࠋ 
 ࡇࡇ࡛ࡣ㸪ࡇࢀࢆ㸱ḟ㛵ᩘ࡟ᣑᙇࡍࡿࡇ࡜ࢆ⪃࠼ࡿࠋ
ࡑࡇ࡛㸪ඛ㏙ࡢ㸱ḟ㛵  ᩘ݂ሺݔሻ ൌ ܽݔଷ ൅ ܾݔଶ ൅ ܿݔ ൅ ݀ 
ࡢⅬᑐ⛠ࡢ୰ᚰࡣ 
ݔ ൌ െ ܾ͵ܽ 
࡛࠶ࡿࡇ࡜ࢆὀពࡋ㸪ḟࡢၥ㢟࡟ྲྀࡾ⤌ࡴࠋ 
 
ၥ㢟 
ݕ ൌ ݔଷ െ ͵ݔଶ ൅ ʹݔ ൅ ͳ ࡢ ݔ ൌ ଷଶ ࡟࠾ࡅࡿ᥋⥺ࡢ᪉
⛬ᘧࢆồࡵࡼ㸬 
 
 ࡶࡕࢁࢇ㸪ᚤศࢆࡍࢀࡤ᪉⛬ᘧࢆᑟฟࡍࡿࡇ࡜ࡶ⡆
༢࡛ࡣ࠶ࡿࡀ㸪ࡇࡇ࡛ࡣ㸪Ⅼᑐ⛠ࡢ୰ᚰ࡟ὀ┠ࡋ㸪ࡑ
ࡢ୰ᚰࢆ ݕ ㍈ୖ࡟ࡍࡿࡼ࠺࡟ᖹ⾜⛣ືࢆ⪃࠼ࡿࠋ 
 
௒㸪ࡇࡢ㛵ᩘࡢ୰ᚰࡣሺͳǡ ͳሻ ࡛࠶ࡿࡇ࡜࠿ࡽ㸪ݔ ㍈᪉
ྥ࡟ െͳ ࡔࡅᖹ⾜⛣ືࡍࡿ㛵ᩘࢆ⪃࠼ࡿࠋ 
ݕ ൌ ሺݔ ൅ ͳሻଷ െ ͵ሺݔ ൅ ͳሻଶ ൅ ʹሺݔ ൅ ͳሻ ൅ ͳ 
ൌ ݔଷ െ ݔ ൅ ͳ࣭࣭࣭㸦㸨㸧 
 
 
 
ࡇࡢᖹ⾜⛣ືࡋࡓ㛵ᩘࡣཎⅬ࡟࠾࠸࡚Ⅼᑐ⛠࡛࠶ࡿ
ࡇ࡜࠿ࡽ㸪௨ୗࡢᅗ࡟࠶ࡿࡼ࠺࡟㸪ݕ ㍈ୖ࡟୰ᚰࢆࡶ
ࡕ㸪ݔ ㍈ୖ࡟࠾࠸࡚ݔ ൌ ଵଶ ࡛᥋ࡋ࡚࠸ࡿࡼ࠺࡞㸱ḟ㛵
ᩘࡣ 
ݕ ൌ ൬ݔ െ ͳʹ൰
ଶ
ሺݔ ൅ ͳሻ 
࡜᭩ࡃࡇ࡜ࡀ࡛ࡁࡿࠋ 
 ᚑࡗ࡚㸪㸦㸨㸧ࡢ㸱ḟ㛵ᩘࡢݔ ൌ ଵଶ ࡟࠾ࡅࡿ᥋⥺ࡢ᪉
⛬ᘧࢆ ݕ ൌ ݃ሺݔሻ ࡜࠾ࡃ࡜㸪㸦㸨㸧࡜ࡢ㐃❧᪉⛬ᘧࡣ
ݔ ൌ ଵଶ ࡛㔜ゎࢆᣢࡘࡼ࠺࡞㸱ḟ᪉⛬ᘧ࡛㸪ࡑࡢ୰ᚰࡢ
ݔ ᗙᶆࡀݕ ㍈ୖ࡟࠶ࡿ㸱ḟ㛵ᩘ㸪ࡍ࡞ࢃࡕ㸪 
ݔଷ െ ݔ ൅ ͳ െ ݃ሺݔሻ ൌ ൬ݔ െ ͳʹ൰
ଶ
ሺݔ ൅ ͳሻ 
࡜࡞ࡾ㸪 
݃ሺݔሻ ൌ ݔଷ െ ݔ ൅ ͳ െ ൬ݔ െ ͳʹ൰
ଶ
ሺݔ ൅ ͳሻ
ൌ െͳͶݔ ൅
͵
Ͷ 
 
࡛࠶ࡿࠋồࡵࡿ᥋⥺ࡢ᪉⛬ᘧࡣࡇࢀࢆݔ ㍈᪉ྥ࡟ ൅ͳ,
ࡔࡅᖹ⾜⛣ືࡍࢀࡤࡼࡃ㸪 
ݕ ൌ െͳͶ ሺݔ െ ͳሻ ൅
͵
Ͷ 
࡜࡞ࡿࠋ 
 
 
୰Ꮫ௦ᩘࡢᤵᴗ࡟࠾࠸࡚㸪ᮏᰯ࡛㛤Ⓨࡉࢀࡓᩍᮦࢆ
ᵝࠎ࡞ሙ㠃࡛฼⏝ࡋ㸪㧗ᰯ㸯ᖺ⏕࡛௒୍ᗘ㛵ᩘࡢᇶᮏ
ⓗ࡞ᛶ㉁࡟ゐࢀࡓ࠶࡜㸪ᚤศἲࡢ༢ඖࢆᨵࡵ࡚ࡳ࡚ࡳ
ࡿ࡜㸪ࡑࢀࡲ࡛࡟ᇵࡗࡓ࢔࢖ࢹ࢔࡜㸪᪂ࡋ࠸Ⓨ᝿࡛㸪
ィ⟬⦎⩦ࡤ࠿ࡾ࡟࡞ࡾࡀࡕ࡞ᚤศἲࡢᤵᴗࡀᮏᙜ࡟┒
ࡾୖࡀࡿ⤖ᯝ࡟࡞ࡗࡓࠋ 
ᢅࡗ࡚࠸ࡿ㢟ᮦ࡜ࡋ࡚ࡣ࡜࡚ࡶࢩࣥࣉ࡛ࣝ࠶ࡾ㸪࡝
ࢀࡶᚤศἲࡢᤵᴗ࡛ࡣ඾ᆺ࡜ࡉࢀࡿࡶࡢࡤ࠿ࡾ࡛࠶
ࡿࠋ㛵ᩘࡢᛶ㉁ࢆぢᴟࡵࡿࡇ࡜࡛㸪㸰ḟ㛵ᩘ࣭㸱ḟ㛵
ᩘ࡛ᅖࡲࢀࡿ㒊ศࡢ㠃✚࡟ࡘ࠸࡚ࡶᐃ✚ศࢆࡋ࡞࠸࡛
ྲྀࡾ⤌ࡴࡇ࡜ࡀ࡛ࡁࡿࠋఱࡼࡾ㸪ࡇࢀࡽࡢ⪃࠼᪉ࡢ࣋
࣮ࢫࡣ࢝ࣂ࢚ࣜࣜࡢཎ⌮࡟࠶ࡾ㸪ࡇࡇࡲ࡛ࡢᤵᴗ࡛ᢡ
࡟ゐࢀ࡚ᢅࡗ࡚ࡁࡓࡇ࡜ࡀࡇࡢࡼ࠺࡞ᩍᮦ㛤Ⓨ࡟ࡘ࡞
ࡀࡗࡓ࡜ゝ࠼ࡿࠋ⏕ᚐࡀ⮬ศ࡛ࡇࡢࡼ࠺࡞ゎἲࢆᣢࡗ
࡚ࡁࡓ࡜ࡁࡢ┒ࡾୖࡀࡾࡣᮏᙜ࡟ᴦࡋ࠸ࡶࡢ࡛࠶ࡿࠋ 
 (2015 ୕஭⏣)
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